An investigation of the tradeoffs between labor and capital allocations to product lines by Burnham, Michael James
Lehigh University
Lehigh Preserve
Theses and Dissertations
1973
An investigation of the tradeoffs between labor and
capital allocations to product lines
Michael James Burnham
Lehigh University
Follow this and additional works at: https://preserve.lehigh.edu/etd
Part of the Operations Research, Systems Engineering and Industrial Engineering Commons
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Burnham, Michael James, "An investigation of the tradeoffs between labor and capital allocations to product lines" (1973). Theses and
Dissertations. 4199.
https://preserve.lehigh.edu/etd/4199
• I • • 
-
. • 
r. 
,, 
.: 
AN INVESTIGAT!ON- OF THE.TRADEOFFS BETWEEN . . . . .. . . . ... '·'• . ' . 
. . 
. . ·. 
LABOR AND CAPITAL .AI;LOCATIONS .. TO PRODUCT LINES . . ... ·. ,,.- .... .. . . . .. . . . . . . 
. ' 
by 
A·.· rm... •. 
. . . J.1.1e·s1s 
:Pre.:sente:d. t·o the Graduat:e C.ommittee 
of Lehigh Univ~rsity 
. . 
l.Il 
Lehigh University 
1973_ 
.-... 
... " 
• . 
i 
, ' 
' •.. , ... , •.-;""'·· ,_···;•'¥'··--· 
.. 
.. CER·T··IFIClATE OF APPROVAL-
. . :. - .- ' ' ; . ' .. ,· . - . ' " . . . . . . . .. '' 
the requiremet1t:$: .fo~ the degree of Ma~ter of Science. 
... 
73 
a 
,. 
• J.ll 
airman Department of 
Industrial Engineering 
·, 
ii 
... 
. -, ,. 
-•:. \·. ; :>/::.·,if::.}\··_'.,,, .. 
:,~,.-·. -a; - ' 
,,·. 
I:· 
I 
.. 
ACKNOWLEDGEMENTS 
.. 
The author wishes to express his appreciation ,·t·~ 
Dr. William A. Smith, Jr., of the IndustriaJ. ~r1gi·nee,t1pg· .. ~partment 
o:r Iehigh University, :for :h.:LJ;: advice and_ guidan_._ce durin_g: the de-
velopment and preparation o:f ·thi$: thesis. 
" 
Special re·c_o~·itiop _f;; ~:xtended to th.e We.ste:rn Electric Company, 
Inc.·, whos·e :sponsorship· made this- ·th,esis p-c~.s-s,:i.l>le. Mr. John W. O' ~ary 
of the Weste:rn .Elect.ric En_ginee·rin·g R~s~ar,ch =Center deserves acknow-:~· . ' •' . 
ledgement for :sugge·stin_g the tpp·ic_ co.n·si.dered ·i:n, t-his- thests, .an_d 
thanks :ror· :his. t·echp_1.eal as,si·:sta.nce:. and. responsil;:>l~ -critiJ~i.sm.. 
For their ,et:~~:Ilent job of tYP.i~g the manuscri,pt ,· .. t~he aut.h.or wi.sbe·s 
to thank: Wi·E>$: Sharon Grand, ·Ms-•. Sally $chei_dem:antei,:, Mis.s: rat., Re-nzo, 
'Bn;d. ·'11$ • :Clarissa King. 
Final J y:,, the author wi-sh.:e .. s to ·express· h:is_:· :gr·atit·.ude· to his' 
. . . . -· 
l9vely wi:f~, Mari~yn, fo.r her assist--a.nc:e. :in prot>freadipg:: the. t·e.xt, 
-· 
.... 
.., 
.. 
.! 
,. 
.. 
iii 
., 
·,°'.'.) • 
. =~~~-- ·. 
-~ 
.TABLE OF: ·C'C)NTENT't3. 
- .. ·~.- .·. -. -·· .. 
Page 
ABSTRA.C T. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •· • • • • • • l 
CHAPTER I INTRODUCTION ••••••••••••••••••••••••••••••••••••• 2 
Nature of the Problem ••••••••••••••• ·• . • • • • • • • • • • • 2 
Objectives. • • • • • . • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • 6 
Scope and Limitations ..•••...•••••..• · .•••••••• ·• • • 7 
Procedure to be Used. • • • • • • . • • • • • . . • • • • • • • • • • • • • • 9 
CHAPTER ;I! ANALYSIS OF SIMULATION IN MODELING INDUSTRIAL-
ECONOMIC SYSTEMS. . . • . • . • • • . • . • . . . • • .• • • . .• • • • • • • • • • ll. 
Simulation in Business and Economics. • . • • • • • • • • • • ll 
Historic Approaches in ~he Analysis of . 
Dyna.mi c Systems ..•••••••••..••. ·• . • • • • • • • • • • • • • • 15 
The Advent and Srowth of Industrial 
Dyna.mi cs • . . • • • . . • • • • • • • • • • • • • • • • . • • • . • • • • • • •. • • • 1:8. 
CHAPTER I-II BACKGROUND INFORMATION: THE DYNAMO SIMULATION 
:G·IlA.PTER. IV· 
.. ' . .. . . ~ .. · . - . -:-. ' . . 
CHAPTER V 
. .. 
r:· . 
_...:. ·,·1 
LANGUAGE AND THE. PRODUC.TION FUNCTION. • • • • • • • • • • • • ¢.5: 
The DYNAMO Simulation Language ••••••••••••• ·.-. • • • • -2~. 
The Production Fune.ti on ••....•.••••••••••••••.••• •: 35 
't 
.DESCRIPTION OF T$ FIRM AND MODEL DEFINITION •.•.••• 
-~. Description of the: Firm •••.••••••••••• ~ •••• ." •·· •••• -,. 
Restatement of the Problem ••.•••••••••••••••••••• 
Definition of the Model •••••••••••••••••••••••••• 
SIMULATION RESULTS AND ANALYSIS •••••••••••••••••• 
Description of Simulation Input and 
Output Data ...................... · .••••••• ~ •••••• -. 
Synopsis of' the Modeling Approach •••• · •••••••••••• 
Four Approaches to Budget Allocation .•.••.••••••• 
Approach 1: Restrict Product Line Budgets 
to the Same Labor Allocation 
Level ••••••••••••••••••••••••••••• 
Approach 2 : Impose All Product Line 
Budget Constraints •••••.•••••••••• 
Approach, 3: Remove One Product Line 
Budget Const-raint ••••••.•••••••••• 
Approach 4: AJ 1 ow Non-Optimal Product 
Lirie Budget Allocations ••••••••••• 
• 
. J.V 
. "' 
4.4· 
44 -
~ 5o:,· · 
5:2· 
6·.8 
68 
69 
70 
73: 
79 
80 
Bl 
L 
,-: 
;i 
' 
.. 
.... 
/ 
TABLE OF CONTENTS (cont'd.) 
Page 
Analysis of t_b·e Approaches Considered :and 
the Input Cost Reductions Realized..... • • • • • • • • · 84 
Proposed .Budget .La.bor Allocation 
Considerations • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · 8~l 
CHAPTER: V·I CONCLUDING REMARKS AND RECOMMENDATIONS FOR . . ' . . . . . - . . . . . . . . . 
,APPENDIX .A. 
APPENDIX. _B· 
FURTHER STUDY. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • :9-8: 
Review of Thesis Objectives. • . • • • • • • • • • • • • • • • • • • • 98' 
S1umna.ry of Simulation Results. • • • • . . • • • • • • • • • • . . • ~9:8 
Conclusions. . • . • . • • . . . • . • . . . • • . • . . . • . . . • . • . . • • . . . 103·. 
Recommendations for Further Study. • • • • • • • • • • • • • • • .10:7 
·.GLOSSARY OF T~S •••••••••••••••••••••••••••••••.• •. . . -· . .· ,. . . . 
. 
. . 
,T:A.BL·ES :RELATING TQ: -SIMULATION RESULTS •••••••.. it •• , •. i! 
EVAtUA'rION OF THE DYNAMO SIMULA'I1::[0N LANGUAGE.·.~ .. : •. ·.•-~ • J 
.-lll 
::113: 
.... ];25.· 
-APPEND!X lJ lJSING DYNAMO AND PRODUCTION FUNCTIONS IN. 
FORECASTING •••••••••••••••••.•••••••••••••••. •.,c• •.• •I. • 1.34 
13IBL.IOGRA.l?fIY .•.••. ·•· •••••••••••••••••• ~ ••• it • • • • • • • • • • • • • • • • • • • • • • • 139 
VITA •••.••• • • : ••• ,~: ··• • •: ••••••••••••••••••• • • • • •• • • ••• • •••••••••• • • • 143 
ADDENDUM: 
Available itf th.e: IndustJ;1~ .Ep.gineeri_ng Department, leh:i·gh· :Uniy<?:rs~:ty 
APPENDIX E .LISTING OF THE DYNAMO SIMULATION MOP.EL FOR'. 
BUDGET ALLOCATION, • , • • • • • • • • • • • • • •, • ,, • •· • • • :• .: :e: .• : '• •. ~: • E~l. 
· APPENDIX F· ADDITIONAL :GRAPHS OF PROPOSED BUDGET·s FOR 
';['HE: YEARS 1961-1971. . . . . . . . . . . • . . . . . . . . . • . . . ... • . . . ·F~l 
APPENDIX G LISTING OF THE FORECASTING MODEL MENTIONED . . . 
. IN APPENDIX D. •: •. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • :a-,.;1 
I) . 
.... 
... 
.v 
. ., 
• 
·; 
..... 
··1 -, 
I 
LIST OF "FIGURES 
Figure Page 
1 .Flow Indicators • • • • • . • . • . . . . . • . • • . • • . • . • . • . • . • . . . . . • . 26 
2· DYNAMO Time Concept. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 27 
3.: Flow Diagr8J.ll Symbols. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .31 
.z 
\ 4 ·nYN:AMO Plotted Output •••••••••••••••••••••••••••••••• · 34 
5: Va.lue Added .o·utput of Product Line 1.. . . . . . . . • . . . . . . . 4.6 .. 
6. Value. Add.e·d Outp~t of Product Line 2.... . . . . . . . . . . . . . .47·· 
' 
7 Value Added :Outp·ut. of Pro.duct Line· 3 ••••••••••••• · ••• ~ 4:'.a· 
8 . . . . . Aggregate Value·· Add:e.d Out:put. • • • • • • . • • • . • . • . • . • •. • • • • .•. '4_9· ·· 
. 9· Production Furrct:i:on Determination of Value 
Added Output·. .•. .• • • •. • • • • • • • • • • • • • • • • • • • • • • • •. • • • • • • • • • • • 5 7 
lO· Determinat:i:oii of Budget Constraints •.•••••••••• _. • • • • •. 59 
ll Dete·rmin·ation b.f' :An.r:rual. ·Budgetary Inc·reas.e .•..••••• -. • • • • ·60 
1,.2 Peterm.in~tion· of' Produc·t tine Budget Increases 
and. J?rop:.ose_d· Labor· .Allocations... • . . . . . . . . . . • . . . • . . . . . 62 
13 De.termination of Capita:1- AllQcations for Speci-
fied Labo:r .and :Output .Levels. • • • • • • . • • • . • • • . . . • • • . . . • 63 
;14 Determination :Of Proposed Budgets and Comparison 
with Budget Cons.traints .........•.•..••..•••....•..• _.... ($5 
15 . Determinati:o:p. and 9omparison of Input Costs of 
Proposed -Budgets with Actual Input Costs. • • • • • • • • • • • • 67 
. 
Aggregate Budget Proposals for 1960. . • • • • • •. • . • . • • • . • . 74 
17 Product Line l Budget Proposals for 1960 ............. 75 
18 Product Line 2 Budget Proposals for 1960 ••••.•••••••• 76 
.19 Product Line 3 Budget Proposals · :f'or 1960 ............. 77 
20 Possible Labor and.Capital Allocations for 
.Producing Aggregate Output in 1960. • • • • • • •. • • • • • • • • • • • 90 
I· 
vi 
·' 
.•. 
.. 
LIST· .OF -FIGIJR.ES (cont'd. ) 
Figure 
,·Page 
21 'Pot:Etl. !np.ut qo.st Shown as Sum of Labor and 
Ca.pi t·a1 ·Go·s·t .•· ! •••••••••••••••••••••••••••••••••••••• · 9 i. 
2:2 .. Value Added Output ••••••••••••.•••••••••••••••••••• -. ·1.36. 
,23 C.apital Investment.. . • . . . • • • . . . • • • • . . • • • • • . • • • . • • • • • • 13p 
., 
24 Labor Expendi tur.(:!s:, • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • J.:37 
• 
25 lnput, Cbs,t~ • ••.•••.•••••••••••••••••• ·• ,: 'O • • • • • • • • • • • • • • 1.;37 
26:-:36 
~1~4.7· 
4.·~:58 
.59~69: 
.. 
·,. 
.Proil11ct: Line l Budget Prop·os a1·s ; .i961-19·71 ... : ... : • ·• , •. -~ . F:..3: 
:Pro·duct. Line 2 Budget Propos-ai·.s._, 1_9:61~1971.- •• : •• _.: .. _ ... F-14 
Pr(,_dlict Line 3 Bu.dget Propqs_.als., :1961~19·7i ......... tt: • • • • F-25 
Ag_~~-gate ·Budge·t Propo_s.~$ ., lf~6:·1-:197l .. , ... :• . .. . .. . •. ... . . . F-36 
·, . 
., 
.. 
• • V11 . . 
; 
. . 
• > 
,, 
LIS.T OF' TABLES: 
-. ; . . . . . . . . . . -
Table Page 
l Possible Reductions in Total Input Costs.............. · 85 
Optimal Budget Allocatibn Considerations •••••••••••••• 88 
.• 
.3·. Proposed Budgets--Ran:ge of Labor Allocation 
Percentages. . . • • • • • • • • • . • • • . • • • • . • • • • • • • • • • • • • • • • • • • • • 96 
4 Sumrna.ry of Proposed Budgetary Modifications. . • • • • • • • • • 102 
5 .Aqtu~.1. vs. Optimal Budget Allocations and 
.In;t>ut C.ost .. s. . . . • . . . . • . . . . • . . . . . . . .. . . . . . . . . . . . . . • . • . . . • 114 
.Propose,d. '.Budget Allocations--Same Labor Al-. 
·1ocat·ion Level •••..•••••.•••••••••••••••••••••.••••••• ~ . . . ' . . . . . . . 
7 Prop6$ed ,Budget Allocatio·ns--Wi thin Product 
r.in.e Budget Constra1nt s. • • • . . • • • • • • • • • • • • • • • • • .• •. • • • • • • 118 
'8 Proposed. Budg·et .Allocations--Removal of Product 
Line·· .3: :Budg~t. Con:s,traint ••••.•.••••.•••••••••••• _. • .• • • • 120. 
•. 
9: Proposed Budget Allocations--Introdµction of 
Non-Optimal Product Line :Bu.dg~·t. Alloc·ation. • . • . . • • • • • • 121 
·1.0. Proposed ·:Budgets--Percentages Allocated to 
Labor ••• •· •••••••••••••••••••••• -~ • • • • • • • • • • • • • • • • • • • • • • :12::3·: 
•.. 11 Actual and Forecasted Values for Product 
Lin·e 1. . . . • . . . . . • • . . • • • • . . . • . . • • . . . • • . . . • . • . . . . • • • • . . • 138 
.,. 
.... 
" 
.\ 
. .i'. ,. ! ,·r' 
• 
••• 
. 'V111 ,. .~ '. ·.i· . . I , -
'' 
' 
. ' .. ' 
; 
:•.. ·• 
"' ' •, 
·, 
' 
~. The a.J location o.f fu11ds t·o product: :t.ine·s within a :firm in such 
a way that optimal production res·u1ts are obtaine~ is a challe:0gi~g ,· 
task. A.].though optimal pol_ioies.,. su't>j:ect to s.e.:Le:cte.d -constraint.s, 
' 
pl.ay an. impo:rtant pa.rt in any final de.·c·ision •. 
·~e efte·cts of diff'erent labor :tm.d capital :a].J.o:cat.ion. po1.i.c.ies 
. 
. 
on· s~·lecte·d pr·o.duct· li.n~$ and the:ir r~spe.cti--ve in.put costs :a:r~ ·inves·-
·ti.gated. in thi:s· -~.~p~r. :J?rod.uct.·ion .fµrrctions· for each of t·he product 
lir1e:·s_hay¢ p+-e·vio:us·ly b.ee .. n de:r.i-yelf; ,fr.om tlti.rte.e.n years .o:r historiq~ 
dat:a.. Th.is -s·ame·_ data_,. incl ud:tn,g- labor, ·ca.pi tal, and vailue acide d 
product lines m:1-gfrt, :have· be.en .:re.clJJ.G·ed while :sti:it: ELchievi~g the s.am,e 
. 
output level·s.. To support tlli-s investigation-., a DYNAMO simulatt\on: 
model is use:d 'Wbic:!h .ipoqrpo·rate,s. explici.t pr.eduction _fur1:ction$ :for 
the prodt1ct line,:s ·d:tre:ctly f,p:t.9 tbe· model formulation. { 
.•::; 
' t .•• 
·• . 
. • 
. . . ~ ,, 
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CH.API'ER I 
INTBODUC'rION 
The Nature': of the Problem 
.... 
locating: :tunds, :lil~ter-ials, and ot:her res¢-µrce-s _aJD.o;ng the· var·ious: •. . . 
. . 
the- ·optimal a.llo~ati.o:n ."POl.icie:s for ,su~h a f~rm :is ·by no means· :an. 
:-easy task. Oft.e.n li.ttle quartt·:tt·ative i.nf'o-:,~1nat·iori- is availab·1e :'Ql'.l 
wh:ich decisi:ons· ·of t:Yi:L_s ··natw.e ,can be :based. The :ipq·re.a.pe __ d compl·exity 
ca.us.eel ·by the :Lnt:roduction- o:f new p.:r9duct lines has ·a. s·~-gn-ifi:cant· 
proportion o.f t·he· total bu_dget·, pe·rs·onne-·l, @.·d other fact?rs al~ 
~oca.~~d: to ,e.a·ch. :Of the :pr¢>:duct· lj.,pe:s .. may- b.e. reqmrecJ periodica-J·1·y., 
::$ome. pro:o}tlc:t: li:fie's: may pe i;m.pr·oved: ior pha·s_e·,d .. 01J.t ~nti.rely whi:le: ·new· 
perst>nne.':). .. , c.ap·it.al, and equipment.,, l3!1.d c:alls for innovat:·iv~ -~otion. ' . . 
. 
. 
~ 
It becomes ·ve:.ry e·vf.(\ent.: t.n:at to .. di--st.:ribute: ,~±ts. re~ources optimall_Y· 
a firm must be -e¥ga.ged in .:a constant p.ro·cef?S of re.'....evalu.atiori ano. 
decision-ma.ki?g· In 18.!ge corporation-$: t·he prevalent practi.ce is 
to del~gate the a:µthority and respons·ibili ty for a subset of deci-
sion.a t·o varic,us- organizational. unit~. All final decisions must be 
I. 
directed t.owar·d :in.eet:in·g the ov~rall ·corporate. _goals.;·· J:1; .is, therefore, 
imperative- t:p.at in the minds :Of the decision~~ak.ers an understanding 
exist:_S c_on_c:erning the effects ·on tp~· .c,.prpora.t.::!on.- as a whole of the. 
ind:ivi:clll°a.l ,.decisions made ·a.n:<;1' th,e· pro·ce·dur·eff used. within. t.be: ntllilerotis 
. divis:ions of the c·orp·orat.ion. ·Various ·sy·stem analysif? te··chniques · are 
:ava.i;J.~ole to: aid in developing· :sµc:b. an Wl.derat_anding .ctr the total 
.system. •. 
· .An ... _e-xp1·ic:lt defini ti.on- of. terms and a deta~JJ.;,e:(l .kn·owledge of the 
s,yst·e~. ip._ que:a·t·i·on a.re es·s·ent-ii:£1 ·if one i~- t:.<D- pbt.ain Ji- complete under-~ ' ' . 
. '-· 
·ma.tion; such ·as :i:m..pJ.emented qper-at·ing. :poli·cie-s and procedures,: should.: 
·"pe c:o_llected: from ·managemen·t .level pers·_onne1 .. and contr.asted :vTitb that 
obtain·:ed. from other so1:zy-ce.:~·.:., such ~s c;orporate manuals. It is: .·im-: 
:portant t.o note tha.t ·wit:bo:ut· ·the: s:ilppc>"rt· :and active participat:ior1 b·f 
:possible .• 
-~ ... _qu~tit_E3.t'.1Y¢ :"study O_f the e·ffect~. Of the de-G:i_siot1s artd' :act.ions; 
Th)~ c-on1plexity of tlie .model wi·11 :be, dep:en.den·t· U.PPn the depth of analy-
.. . .• 
• d··. . •. d·. si.s · esire · • .•. 
. . . ; ... - ·, .. ' .. · -- .• . 
An excelle-rit te.cbn·ique to use .in _s-uc·h .a study, regardless 
:pf the complexity of the mod.el., is computer ·simulation. 
In an extremely broaci. sense, simulati:on c~ be defined as a 
technique that involves developing a model of a real situation and 
then performing experiments on the model. Simulation thus provides 
an_ experimental f'or te~ting hypotheses~ decision rules~ 
3: 
··~' 
,. 
• 
. .
. . . 
:and :.al..t.~rnate :$ys:tems Q.f operation under a variety of as·sumed condi-
.. 
tions. A brief review of the histo:cy bf ·the simula.tion :method is 
given by Meier, Newell, ~.q. ,1?-~zer [ 3d] .. 
Early uses o·:r::· t.he :simulation techni~~e usuall.r· 
involved· experimentati:on with physical. modelt3 
representing the phenomena under :investigat.ion. 
As such, simulation. was widely emp·l.oyed in en-
gineering and s.cienti.fic· studies. Si·nce ad-
ministrative and economic processes are. not 
efa.sily represented· by physical. mode·ls simula-
·tion by this method ha·s been little used by 
s·ocial scientists and managers. However, 
simulation .by means of digital. computers has 
found wiq.e ·accept.ance in ·both engineering . 
and scientific work and :in the analysis of 
·a·dmin:i$trative ·and e.conomic problems • 
., 
. mnus it can b.e· seen that the adv.e.nt· .of· ·t.h~ c.·onrp1J.ter·· ·extended ·the 
possibilities for ~X]>~.r·:tmentg,tion. and inve:stigati·on of t·he bel1av.:io:r· 
of a multitu'le.: of: sys:te.ms .by me.ans ot th~·: .simu.lati:·911_ ·tf=:Ghnique·. 
··numer·ous: .• :For .example·.. ··a s:fm)ilat·ion model ca.rt ·bet~ :writt.en in a .. · ·g~.ne:-
... . . . ' . 
·ral ::purpose. :J_apgu~ge .such. a.s FORTRAN, COBOL, OR PL/1., ·or one: c·an ·use 
a special purpose simul·at·iori. language suclt as GPSS, S:IMSCR·IPT, GA.SJ>, 
tage of reduc·e·d. ·progra.mnri.ng, ·t,itne ·over t·h~· gene:r:a.t. :p'LU1)o.se, languages. 
Shubik[ 4:4J not·es that "•: .•. the .e·xis.tence of .speciaJ. l~guages · has cut 
.-
' 
. 
• 
down the amou.n.t or time requ±r:·ed to program any prob:4.e:rp.. 'b.Y a, .fac.tor 
conservatively estimated at ·no less ·than five." 
This study·will use the industrial dynamics approach to simula-
tion which was developed by Jay W. Forrester [17] and the DYNAMO [15,39] 
simulat~on language. Effective use of this combination has resulted 
-· 
... 
..... 
• 
•, 
.• ... :, 
. and industrial .sys.tems· .• :Tne -DYNAMO ;1angµage i.s :e:asy to understand . 
. 
. ~ 
and/or graphical form. 
In the life of a ·f\i.rm ·pro.auct::Lvity· is .a ;rn.a.jor ·c.on.cern~.. It. is· 
Oft.en -~h-~ ca,J~e: that. a, sharp rise: in p,r·o.d:Uctivity ·and. a -de.Cline: in Ut.lf·t 
. 1>tice oc:curs in. the. fi·rst .few ye:ars of: a new product's. -manufacture 
(,see Lel.e a.nd CJ.'J:,eary[2:7]}. To S:tudy:~-,tll1$ phenomenon pro~~$·s funci-
the cumu.lative out.put of the pro·duct., b~t· .does .not explai·:n :how :or 
.. 
c..:a.pi.tal to ctiinulat.:Lye out.put, ·.showing tl1e. ·.:relat.ive contr1"bution. o·r . .. . . 
:,eac.h- ct,mpo~ent to IJroduct·ivity. :$inp,e: the ,prt>ducti-c.:,,n function :ac:-
count.$ .for ·the· .. actual f'act·o~s _of produc-ti:on_., 'it .mo-re accurately 
re.:fle .. cts the c·ause.$ .of productivit·y ipcreases., r·r· the desired out--
p.ut' arid. t,h:e: rar1ge-s· :of allowable eng·ineer-ing.:; lapor, a.nd capital 
in making·_ dec·is±·ons, which minimi,z·e t·he costs :nece:ssary, ·t:o. p,roduce· 
. 
.. , . 
. the, -~es:i.reo. output of one or niore products-. ·Tl;l.!s type o.f :infor,n.a.tfon: 
·could prove to be ve_ry useful to management i.n- preparing 11:on_g--range 
plans of factor resources. Since an :e:f'f'ective measure of -productivity· 
is desired in this study, the product:ion :f$C!tion will be usecl. 
5 
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Objectives 
i· 
could have been reali·zed during a recerit: p<;·r.$od: or· company :history 
had different labor and capital alloca.ti.on,s bee·:n made to selected 
product line.s of .an actual firm. Availab·le: historical data will be 
used t·o q.efine the annual :output ·1evel·s ·demanded for each product 
·· 1ine, a·s vell as·· the appr·opri~te bti'dget and input. :cost constraint.$:• • l • 
The constraints: .:rormµlated: ·in this .manne.r ·wi·ll serv~ to: def.ine .all 
f'easi ble j_,~bq:r :a.nd ·oap:i.ta.1 ·aJ;locations ., 
· ... : 
tion will b.·e a DYNAMO siniu.lat:Lqn· .model which in:e:orp·o:rat·e·s. prqq:qetJ;on 
~·ctions directly .$nt.o t.he .model. formulation .. 
The 
dire.c.t~y .into the mod~]- should. result in _·an accurate· reflecti·on of 
:tion will be. compared wi.t:h. tnat: .act·ually achiev~d for' tn~ c.orrespond±ng· 
.. 
·:product line, given the· l·ab.or .and cap·ita.l :~xpenqj.t:ures. :tnade. durtn~: ~. .. 
. 
.. 
·ea.ch year of the hist·ori ... cal p~~io.d under consideration. 
An aggregate .. b~dg,et· .fo.r au three ·pr.o.duct· lines will be determined 
. 
. 
. 
on an annual basis by s1Jmmln·g ·the· actual labor and capital expenditures 
incurred · during each year. ~e· budget for the first year will be 
., 
assumed to be aJ located op-p:ima]Jy.. The increases which occur in the 
.. 
.. 
• 
·• 
aggregate b11:dget iii ,s-µJ:>.s~ca:u.ent yea:r:s_ w"ill P:e re.viewed :_and ~.J located 
to the product lines :in accorda.ric·e: :w:Lt.h various ~alterna.t~ plans. 
Since the same. -value: .cif output ~s was or·1:girtally · de:r.qa.nded f'or· ·¢acll 
to determine th·e· oa:pit·a1. _neces:·s,ar.y t:-o :achieve the· d¢~~griate.ti outpt1t 
. 
1e·vels: .:for: several diffe·r.ent -lEtbQr -alJ ocati·o1ts. With ea·.ch it1put J:n.ix 
consider-eel. F~on1 tni.-s informatiQn.: it will be pc>"s·siple to· determine 
allocation mixes., .i;gput· c.·o-sts. could have:. be:_e-n. re.duced. 
Scope and Lfmit·at:Lons 
Only t_h:pee- p_ro.duct lines o:f'· thei f'i:r.m ·wi:tJ..: b~ :modeled. Ea.en .of 
·the 1lll_ique ·c.h~ract-eristics. of e.a.oh pro"iiu.ct. :tip.:e... The ext·ension of 
not be a. ·d:i.f'ficult: task. 
-several ye.ars ·o:e :histori·c·a1 (iata.·, .a.dj .. ust,e:d. to: ~ base year. Adjust-
ment factors, :also c.alled deflators., ar.e- available which permit the 
determination· of the ·actual :·valu~- (current worth) of any funds al-
locate·d to labor or ca.pitai during a given year. The data used to 
derive the production functions will also be used in the formulation 
-
of the model. 
1 
· I· I.· 
.. 
. ,, .,: .: 
' 
1. 
jf' J 
·• 
., 
It sbolil(i. b·e:: not·ed that there. :exiost·s· no. ·exact method for va.li ..... 
· 1 
dating such a- mo·del:. Validation is illl}?lied. when a model re:pro.du:ces 
the "behavi.or: ¢haracte.rJ..$.1Jics_=·" :of· the: syst=em. ·Goetz [22J offers th·is 
explanati.on. :of the- validatrion proc:es:s·: 
There is no .e.xpectat:i.on t~at historical patterns 
and simulate·d. 6utp:uts will approach identity, 
that the two sets of curves, if superimposed, 
will nearly coincide. It is rather a question 
-a..s to whether a.mp.litudes arid wave lengths seem 
to· indicat·e that b.oth sets of .curves--simulated . . . . . 
:and historical--are geperE1.ted by similar (seem-
ingly identical} systems. 
sented by the. :mo.de'l:, .the .hist·or1c·a1 d~ta available· wr:11. serve ·as: t·he· 
.. 
criteria. against which the output of the model wi·ll be compared. 
. . 
,;By-· g9ps·i1.qe:r-ing the aggregate· relationships of ·t}l~ f:_irm- in·herent 
.. 
firm. The IllO{iel. w:L.ll be us,ed. to :de-t.e·rmi.n~ wh.et·her-= ·or not t.)le imple!"'" 
mentation of ·a differ.ent budget .aUQG:at'ion plan coUld have.: produced. 
. 
.. 
the same,. level. of'· ·011.tput ·at le.-ss input cost. It will be .assumed that. . 
-~ . . . . .. . . . 
the firm is requi:red ·t·o= produce the output for .e.·aeh product -1.ine as 
specified in the historical. :data, and that thi.s mus_t, be a·cet>mp;lii.'s.:b.~4 
-
·within the con:f'ine.s of tJ1e aggregate budge-t. The irtdividua.J.;., p:rc>"duct 
line budget proposals r·esulting from this ~nve·stigation may vary 
significantly fr.om the actual product line expenditures made. 
Altho~gh an aggregation of ·product lines will be considered in 
this study, not all product lines of the firm will be represented in 
the model. This may render the· final results of the investigation 
i 
i 
' 
·a 
' ' . 
I 
I 
r 
. -
actions betweer1·· product lines which have been .ignored due to the 
previously ment.ioned omissions. Nevertheless, it Gan. l?e .st·ated that 
the reported :·i:nput costs woUI.d hav~ bee.n; incurred had ·certain desig-
nated·· act:ion:s b.een eonside:re.d fea·s:ible and taken. ·as: ind.ic:ated. • • < ' "• • • 0 • •• •• • • • 0 0 ' •• • • • ·• • • • 
• ', -. : • • •' •' • ' • 0 M •. 0 
" 
results of :t·h·is :study coul·d stgni~ic~n-t .. ly be :a.f.fet!.ted. ·?y' .c:hangin~: ·t'.Q.e: 
value of ·t·hfs: ·p~a..mete:r·. Althou.gh it ootil.d be incorporateq. .into the: 
,-
variability.· in the. c.ost per ·UA!t: .·of: C,:apitP.l 'is beyond the .s·cope Qf: 
. . ; 
. ·', 
.. 
this thesis, .. and :pe:rrua.i·n,::i -as. an: e*erci:s:e·: for·· the: ·inte·tes,t~'9-.. ;re:~~er.. 
Procedure to be u.sed I • • . • • - , • '• 
In this ·i·nve·stigatit>'n. tlle. foll.ow:in_g: st:eps will be. :pejfformed: 
(2) Desc.r:j_Jt>·~ t:he:· s.ystem.· ·t.o ·oe :c.onsidered. 
·(3) Develop_ :a DYNAMO ·simulation .model of tbe 
• system, inciudi~:g fl.ow di'agra:ms to illu-
-· 
strate the steps ~perf'orme·d by the ·model. 
(4) Try various allocation policies in an at-
tempt to reduce the total input cost 
I 
incu't'red while staying within the bounds 
9 
.. 
.... 
···~: 
..•. 
., 
.. 
_o. 
. .. 
;.~ 
.. 
( 5) Report :~_d. :aJ,1a,lyze. the sililru:at~i·Ofi r.e·su1,tsn. 
(6) Dravt c.ortclusi.on.s ::f'rom t.h.e·se ·~~'stilts ~:d 
Chapter II .cont ..atn:s 8:- gen.eral di.scuss·ion .of· s.inifilat·i..on. lµld :de~cribe:s 
.. several· of tlre. sf:muI.a-bi·on studi·es c·ompleted ±n recent' ,Ye.a.rs: i.nvo.lving 
industrial~e;coD:oniLc J110d~ls. Ba~ground :irfformat.ion p.e·rlaitii~g to the 
.··~ 
Gnapter· rrr·. Ch.apter rv· gives a c3.escript·i:on c:rf· the firni, i·ts product 
.1:in·e s ; ·and ·the model de:fini t·ion. :The simulation re-sul ts a.re report~.d: 
'.i.:n Cll.a.p.ter ·V~- All -result·s .. are scaled to p:r~·se;ry~ th~ ·p.roprietary 
rrature· .of the. -dat-a:. :Wf1i~e the absolut.e -m~:a.tii_.ng of ··the-. c_results is: thus. 
llli.ttipg c.o~a:r:ts_:orr of tl1-e· varfpus a.ilocation polici.ef:> wlli·ch are 
·considered. The· con-clud.irtg rema.r~s ~q. ·.re.comme.n.dat·iorrs. -for further 
10 
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ANALYSIS .Olt $J:MULA.TI0N IN MODELING INDUSTRIAL-ECONOMIC SYSTEMS ,· - .· - . -· .. . .. . . . . . .. . . . . . . : ' 
:Simulation .in: .·Busi.nes·,s and Economics: . 
Alt.hough simulation methods- liave be-en. used- i-n· .engineering ap-
upe.: i11 bus:ihe1ts ~-d e'.conomi·c analys.i.,s ,£s ft. fair~ :recent ·developm~nt, 
p·ar.alle:1.ing: t.hat of the d_tg_it-al. C·ofiJ.pµter·.. S:chri~b~r [,42J. rtot~s that 
zat-ion·s 
.. - ... ,-. ' . 
.. •. . is -~ re:lativel.y n_~w management. too.l ·that originated in the· mid-1950' s; but was not signific.antly applied 
unt·il_ .1966. It:s advocates believe that simulation has the potential of pro.viding important insights regardin.g 
·th~ complex inter·actions in organizations to improve 
managerial planning and fore.casting. .Ih addition, 
:·simulation pe.rmits an organization to te.st· various -
assumpti·ons and decisions ·about .-i.t:s e·nvir.onment · .and 
op.~_rations .. 
. . 
time. Sq;m~ o.f the: r~l~:tri:c.tions: ·tJx-Et:t: ecrist 'Wll~n o:t"he.r f'ormf3. of .. :a.ri:alys.i$: 
a.re used are e-liminated by computer simulation. Iii .. instane.es wl)ere 
direct observation o-f\, Q.r experimentation on, a system would be 
· impossib·le, too expefysi:ve::, ·or impractical, or where a process is too 
. 
coinple-~. t.o· be repp.e.sente.d in. ID.ore formal mathematical structures, . . • 
s.imu1at·ior1 .off~rs an ·excellent a.1ter-nati·ve:. \ '.In addition to overc·oming 
ma.ny of" the difficult~~es irihe·rent in other :met~Qds of analysis, 1the 
simulation technique .has, -several advantages in 'its own right. Naylor, 
Balintfy, Burdick, and Chu [35] suggest the following reasons for 
. 
using simulation, all of which are not mutually exclusive. 
11 
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(1) The complex internal interaction~. of·~ given system, 
whether it be a firm, an industry,, or an economy, can 
be experimented with and studied. 
(2) The effect,s. of: va.r'iou~ .. i.nform&tion·a1.; o.r'gani.z~ti·or;ral ,. 
and environmental ch~·ges on the oper·at·i·on of· a' s·ystem 
can be s~t·udied by :ma.ki.n_g the corr·esponding al terat·ions 
i:n the model of the .syst·em a..nd obs·,erving the result·i:ng 
'$yste.lll' ·s: be.havior .. 
. (3:) A be.tt·er :Uitder.sta.ndin·g Q.,f· t.he: ·sys:t:em ma.y. be: .g.aini~d: 
t.hr.011:gh d·etailed ob.servi=tt:Lon of' the system b.eing s·im .... 
·ulated, wl;li_ch in. ·t.urn may ·.l·ead to su.ggestions for 
·syst.em improyel!lent· wni.ch otherwis.e ·would nqt :h_~ve .b.:e.en 
·discovered • 
.(4.) The experience: gained :in. :ae·s:igni_n'ls'.: a ~olllputer :simulation 
model may ·prove to ·oe inore .valuable· than tl)e· act·ual sim~· 
ulation. Fre·quently the knowledge_. recei·ved in· the· 4e:s.·ign. 
work will ·sugge·st ch:aiJ.ges in the system·. Simulation can. 
be used to tes·t the: etfec·ts of t_hes·e. ·changes before· s.ys:t·em 
·implementation .. 
( 5. .J The q,ominfµlt var·i.ab:l es: in a s·ys \.em .and th·e.i.-:r i'nterac·t'i 011s 
(6 ) 
(7 ) 
c·an be rev~al:ed· thr.ough. :s-imulat·i,on. 
When new situations ar·ise ·about which l-ittl:e .. or no ·inform-
ation i·s .ava.ilabJ..~, ·siinul.at.ion provides an eJC.cellent means 
of exp.e:riment·ing ·:to c:Iet.~rmi.ne. what- ·the results may be. 
. New policies. ar1d deci;s:i.on rules for operating a system can: 
be pre--teste·d b.y· me.ari-s· .of simulation instead of having to _ 
experiment on; the real system. 
{ 8) Dyna.:mi c systems can be studied in :eit·her re.al .. tiine., compr·ess:ed. 
time, or expanded time. 
There is an in:creas·ing awareness: ·that '}:ru.~tne~s and economic prob-
-lems today must be loo.ked a_t·. in :terms of t·h.e. t.ot.al system, ·considering· 
12 
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'the. actions·.~ re-actions·:.-: an.d inter.a.ct·ions o·f the, ·-many, .components in-
' 
volve·d.: Al th.ough. clas,sical optinif z·.at-io:r1 a.ncl :r,iathematical pr:ogrammi _ng 
an- excellent (pe:rhaps· the _on·Iy e-ffect.ive:) ·tool -to use :in this type 
city· to, .opti.Pli.ze.; ·th~:Y· simply repr_e·s-:e.nt what will happen .i:f· the 
:o.p_er_a.ti_ng ch-aracterist.ics· and. ·decision v·aria.bles or a. sys:tem a.re- as. 
spe··cifie.d in the ·mo.del-. ·If the ·obJ.ecti:ve_ o.f a,: study is to l_ocate 
optimum. v~1.1e-.s o-:r.· ·on~ or :mor~ v:ari:.a.bles in. the system, a simu:tat·:i:.on 
model is 'U.$eid. _p_rimarily -a.s .a ·n1etho:d o.f s.e:arch.- Me~er.; Newe:Ii:,- :ai1a 
Pazer [30·1 cnsc.uss techniq~es· .for sea·rching ·for -opt·:i:mum, val-ues w.h·icfh 
. ·. .. . 
. . 
can: be used in. conjun·ction with s.imulation. mode.ls_, e:itb·er Jhanuall..v 
'"' ~ 
o_r .on: the: c.omput.er.: Altho·ugh: a ·s-im:ul:at:ion ·exp·erime_nt with a m.athe_; 
··racili ta..te-s the.- proces.s· by· i.nc-re.asln_g th_e spee_a: 0£ ·e::xe··cut·i·on, ,e·linii-
natitig: computational dxtid.gery; -~d redti.ci~g tne· ·p.rob~bi_lity of errors. 
. . 
-.• 
It i'S :a.ppare-nt. ~6Iil: the previous 'discussion that simulation can 
be used to stuq.y Et multitude of: ·systE:?1ns -~t various levels of' com~ 
plexi ty and a.p:~1ysis f'or a number of different reasons. For example, 
an economic m.ode:l of an economy, an industry, or a firm can be 
developed for ·purposes· of research or to solve a specific real-world 
.~. 
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I 35] propose:s tbat, ·'simulation mod~.ls., be··· cla,ssd~.tied· as deterininisti·c; 
. 
. ~. . ' 
. . . · .. 
determini stJC!· models are asstinle.d:' ·t.o be· exac·t relati·on·$hip·s. '.ijei ther 
the independent ... or de.pende-nt va;riaples are ·allowed, t.·(:,:· -exhibit random 
behavior. Stoc·hast_i'C mode.ls., on the ·.94h.er hand, def·ine· at least one 
static models th;e· variable tim~ is not e.xplic.,it1y consiq.ered~ Line:a.r 
:Pr.ogra.rmni_r1g, -n:on'lirtear pr:ogrammi·:ng:, and g~e: theory r.epres.ent areas 
of:· wo:rk where st-a.ti.·c. mode:l.s are: preva:lent. .. Dynami·c ,mode.ls: cleai. wit_h. 
.. 
,sto.c-hast.ic ,models .. . . . 
·- ·' .. . . . . . . ' .... 
:Tne· ,abo.ve, disc.ussion ·o;f' ·si.mulatoi.on suggest,-s· t1umerous applications: 
several thousand. simulation st·udie.s have appe~1;ed in various trade·~ 
techn~cal, and pro:f'essional journa·l~ :p·.ince 1960,. The remainder ·of 
this chapter wilJ. be con~;ied with histor:ic approaches in the analysis 
of dyna.mi c syste~s ,· especially a~ t:he.y relate to the co;rporation or 
the :firm. The: lev~l of analysis .attempted in these studies, as well 
as the· advent,. deve:lop.ment,. and use· of industrial dynamics, will· also 
be. discussed·. 
14 
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\.'• Historic Approaches . in-. t·h·e -Analysis of Dynamic Systems 
Many attempts nave oeen niacie in the past to analyze economic 
systems by U$·ing .c:las:sical ·ma.thematiGft.. Usually the number of vari.-.· 
ables in ·such .a .. ·model i.s: -~eriously limited ._du~- to the v.e.ry complejt 
.. 
ship_s be.twe-en. vari.al>les, and. sys:te.m· .de-lays mus~b be. :igp_q:r~Jl.. .All o.f 
-thes·e limit·atiorts- are ·re1~i;;.ively easy to, overqpme: .by· u_s.in.g c_,_omput·e·r 
.. .. .. ,: t . 
. s1mtLLa · ion. 
·~-- -·-·. . .. ' .. 
·ha.vier of ·a: :f-:irm or J.ndustry ·have been 'comp1-eted: :::Lr1 _recen:t. years. 
Balderson and Hoggatt. [2] ·cortsidere.d, :manuf~ct-urer:s_: ,: wholesalers, and 
retailers -in· ·tlle:lr simUl.ation -s~udy ,of :a ;llnnber i-n_q.ustry. In his 
.. . 
simul8ftion of a ·hypot.he-t:(9~J.. t:t·rm, :Bonini .. [5 ] studied· t·ll_e e·rrects· qf ' 
.. · . 
l~ather tanr1:e:r:s, '.a.nd hide de0.4.~-rs i_n ·the shoe, leather a.no. hide 
industry·. A ve·ry· c,1o·se, .corresportdet1.c.e· was :round between simulated 
and· actual d·ata ·when_. o.ompa.r·ea. on ·.a.Ii apnual basis. Cyert and March· . 
[14 J desc·rib~ three c.omplex si:tnule.tion models of the firm and in-
dustry. 'rhey include ·models of a duopoly, an.: ol_igopoly, and a 
department store. In ~957 Hoggatt [24] developed a simulation of 
a perfectly competitive industry and discovered that market prices 
and supplies remained relatively stationary, although there was 
. . 
.•1 
:.· .• 
~ 
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considerable ent·ry ,and. exit. :act,iv-i.ty ·by ·tirms in the industry. The 
System ·nevelopment··· Corpora~bion T35] formulated a model of a f'irm 
producing durable har·d. go-c>ds ,. which focused on the two general ac-
t.·i.vi:ti.es .of budgeting :and proce·-s·si·ng .. cu.st.omer orders. Zymelman [ 35 ] 
and ·at-hers have developed :mode-ls fo.r a ,n~b~:r< ot subindustries wi'thiri 
the. ·t~Jet.:i.,.le industry._ 
of :a smal.1 nttniber· of var.i.able~ and. l,agged difference or d-iff.erential 
•, 
:equ.ations. Ma.r1y q:f:· tlles.e· mo:de·Is·" wer.e· .orgihEµiy d~v~loped. before ·the 
existence of q.o:rn,pllt.e:rs and. -consist,. pr.im~.il.Y·-,. of 1tUs.i:ne:s.s· ,cyc:·1e . 
; . 
.. . 
:Nati 011aJ. e·conom~tr-tc ._:r:nod·els -have. beett :developed wl:ltch Jill.ow cor- . 
'.J>or,ate :models of th~ f·irrn to be ... related to the entire economy·. Ex-
.amples 9f' :suQl1 nioder·s: -are ,t,he:. Brookings Model,- the: OBE. Model, a;ncl the 
Wharton r~ode:1 T34:J· ·- Tb.e ·B:r-c>.¢Jc.ings Model is prob:a.b1y tJ1e, nJ,()St :ela.b:o.-
rate computer motl~.l ·of an econ-omic system i:p -~xi.st~enc:e. ·,tod.'ay'. The 
fiscal poli·cy .can be det~_rmined through si.·mulat.':i.op -of a ::~eries of· 
such .models·.. -~-Gutt [3·7] has developed ·a; la.-rge-s~?'ale·= simulation 
·niodel t-hat co.nc,en~r..·at.es, primarily·, on the analysis ;.cft householqs-
and whose ultimate goal is the simulation of t·he ·tot·al 11n·it'e·d 
States' economy. 
Several large firms have ·constructed large-scale corporate ·models 
. to study their finance, accounting, and marketing functions. Included 
.-16: 
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.are ·suc:h corporat-iops .a.s -Ariheus:er~Bu&ch, Pow- Chemical, IBM, Pillsbury, 
J'-Ij$l~p;~1phia El.ectr.fc-., ·st.~cla_rd Oil, .Sun Oil, XEROX, and the New York 
_Li·fe Insu.:r:ance Co_rnI?~Y [34, ·42]. These mo.dels have been used to test. 
sini.ula.t.io:r1. mo.dels. 
:s:iti [2:1J notecl· that: :at least· ·100 .corporate models would be in use by 
the e.nd: o·f t·hat ye.ar. ·'f'h~:s·~ mode·ls-: were used :p:rimarily ·to evaluate 
·the 3.2.3 reJ;>l·ies to ·t,._p:~ s;urve.y, -91 ·pe.rcerrt. _:f<=lt. that ·t·he be11efits 
Ninety-five percent of the .models we::r~e: si.muiation· mode_·.1s:;: t·he. 
remaining five: pet·cent we:r.e· ·ma.t·hemati:cal _prqgra..ro1TJi:.ng or op·t·intlz~t:i:on . 
; . .. 
. . 
models. .D:etet~m4,_nJ,·:$.ti-.G mod.els:· account,e4 .for :88 percent of the total; 
the other l:~ pe·-rcent considefe.cl prob.ability distributions for eac.h 
of the ·k~y .f'act:ors--. As wotil·d. be expected, a high percentage (94%) 
of the models were computerized. Most of the programs (6.5%) were 
written in FORTRAN. Other langµages .used .included COBOL· (20%) , 
·' 
~,.~.,. -~·-e..=·,, .. = .. ", ..,.,....,.,,.="·.,~=-, .. = .. ,.,,-= .. ,.'-c;,=<>~".:..,,.,.,,i',, .. ...,....,,-,-~-,--------------------..--------------------··-
• 
: .... 
,• 
capabilities, the fact that DYN~O was not 11sed extensively appears 
to be simpl:y· a r-~:luctance on the part. o_f· those' who computerize 
•· - .. : ~·1····. • . 
models to learn another :Langua.ge a.nd _a:_cqu.ire the system capabilities 
when they· c:an use. -~-· ·1a.r1gµ.age the_-y already· .kr1ow anc.l -a. system that is 
readily available· an.q_ operationa-1. at· t'.h~;ir particv.lar location_. 
,,Neve·rth·eless._, ·ft is· :int·e.:rest'l.JJg;:··to Ii'dte that·, o.f the many spec·ial 
t·o .any m.e-as .. urable. degree. A dis cussio.n- o.f ihdust:rial dynaJDj cs·, o.ut 
of wh.i:ch the, DYNAMO simulation langu$,ge. evolved, is t1ow: pres·e~ted •. 
. Tbe: .Ad.vent and Growth of Ind.11,fJtria.l pyna.mics 
. 
.. . 
~. :rn:dustrial dynamj cs is Q:'.Ue _in .large measur·e t.o tow ady-anc,es -, 
·-
,pt-i.marily :the :result of military .re-s.earc.b -M:-0.. de-vel.opme-nt.-. Th.e_ fi.r~t 
and mo·st i_mpo:rta.nt cont·rib·ution :wEts t~e g:rowirrg. unders.tanq.i:ri:g: a.t.rd. 
_analysis .of' information-··feedpac'.k ·s:y·s:tems as evolveq. _q;µ.ring ~d after 
World War ll. Second w.&.s the us:·e- ,o'f simulat-ion-~th·~· eXp .. eriment-a_I 
was the a;.dvent. of :reliable, high--spe:ed. digital computers which made 
practical ·the ,simulation of realistic mathemE1.t:ic.~l models of la.rg;e 
..... 
industriaJ_ organizatio·ns_-. Finally, in co11junc.tion, with the other 
developments, came a better understanding of decision-making process.es •. 
Together, these advances la:i.d the foundation upon which industrial 
f ,' -~ 
dynamics was built. 
Forrester [1-7] simrmarizes his method of· studying tne time-varying 
.18 
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benavictr of industrial orgar1izat-ions. :in 'the .fo11·o~ing manner: 
Industrial dyna.mi cs is a way ·of: study.:i.ng the behavior of industrial systems to show h.ow· poli··c.i.es, decisions, structure, 
and delays are interrelated to influence growth and stability. It integrates the separate funct.ional areas .of management--
marketing, inve.stment, research, pe·r.sonnel, production, and 
accounting. Each of these functions is reduced to a common 
·. basis by rec.ognizing that any econo~c or coporate activity 
consists of flow~ of money, orders, materials., personnel, 
and capital equipment. These five flpws are integrated by 
an information network. Industrial dyna.mi cs recogniz.es th~ 
critical imp.ortance of tp.~s information netw,ork, in ·givi.Qg 
the system. its .own cJyna.mi c characteristics. 
A m~jor contri'irution to the ·overa:11 in.dustriai dynamlcs el'fort 
Phy·).:Li.s: ·Sternl.ieb and AJ.~xa.nde:r L·~ J?ugl1:,: :rIJ.,. m.e-inbers of. the ·ln·du:s-
t:rial Dynamics Resea;r'ch Group at ·M.I!T., ·for tlie :r:aM ·7.0.4 com.put~~ . 
. It .was subsequently converted fr.o.m. the 70~4 t.o the· 709, :70·90·;; ru1d 
Another· version . DYNAMO .II·· was devel-. ... . . . ' ' '• .. · '• ' •,.. . . . ' ' ' 
oped by the IIJ.·dustrial I)yrtainics: :.R~,se:-~r-ch :Grou~ .:f:qr tne. IBM 360 and 
and ~h.-i.lo:;;ophy of ·DYNAMO put :r:emove·s .. seve.:ra.l. ·re·strict·i.oris an(l. :adds· 
new feature.s. More. :i.n.forination on indlll3.tri.al qylia;ml cs :and :the 
... DYNAMO II -~1.IIJ.ulat.ion language is inc·luded. i·n Chapter III. 
The .. tt·:r:s.·t. appl.ication of indust· .. ria.l dynamics to =an actual in-
·' dustrial situation ,occurred at the Sprague Electric Company. In 1957 
a joint res.e.arch project was uncl.e.rt.ak.en by Spra$ue :an:d tlle M.assachusetts 
Institute or· Technology in hopes ,of. 'finding ways to improve the opera-
tion of an important product line. Professor Jay W. Forrester, the 
proj~ct _leader and a member of the M.I.T. faculty, bec.ame convinced 
19 
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·that constructip.·g .a c:onvent·icfrral ·matheIIlat.ical 'Inodel of th·e company's 
production-inv~ntory op·erations w~s :n.qt. c·omprehens_ive enough. He was 
-~: 
~-
able to pe.ro_s:uade management that c'ons.tructing :a ·mod.el -which emphasized 
·tb,e -i;nf.o:rmation-feedback characteristic.s 6.f' tne _system was a --better 
:~pp;roach.. Bruce Carlson [7 ,8] re.p.orts th~t it1tensive investiggtio,n_ 
®.d :coritroi_le-d· experime:ntation_ with tn.e: s·iniulati·on mode;l :_reveale.d_ 
that-, ·e.#st:i'11g :comp:a.ny ·practi._q·e.s: ·we:r_e contributing· to the ·vast fluctua-. . . . 
'.-. 
·tt -was found :that. the e.xces~ ... .;;. . . . - - " . -. . ... - ' '. 
Of t:he c-ornpa.ny'·s emp·l_oytne-nt- and :i.n.yentory reordering practices: ::iti:st:e:ad . .. . 
·- ~ . 
·· of' the o:r:der :proce·s.sin._g: ·and-. s. cnedul·fng proG.edwes -~-- a$: :co!D!Ilonly be-
._c::a.tiort of- an ~-tra:ustrial dyiiamf.cs mo_d~l in_cluded ·an i.no::r:-e~e-. in produc---
-:: . 
. -t.ion: ·cycle, tmd :a. .b~t.ter balanced in\re!l,t.ory~ 
numerous appliGatic)ri_s i:n which indus:t·r_tctl ·oy.n_amic_s .·h;as b.e~n: us:e·d, de-
scriptions of severtiL -ot· ·t-he pup_lishe·d s~·Udies foll_qw. 
. 
Thre~: indust-ri:a1 :·dyb.auri_·es: ~o<;lels of ·hypothet.ical firms are. des:cri"l>e·d 
by Forrester [17·] in.h:~s POOk~ Industrial Dynamics. These ·incl1l'cle.: :a 
production-dist:ri:t>ut·ion model, an advertising mode:;t; and a cus-tome·r~-
producer-erp;ployment .modeJ_:.· TJ:.i~ ·_D:YNAMO equations: as_·s·ociated w~ th each_ 
of these models are also included in the text. 
In addition to being appl.ied to the Spr:ague Electric Company, 
.. 
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other real-world applic~tl:onf:3" o·f: _i-n:dustrial dynamics include simulatiorts 
of the s-p.oe, leather, a.n·d- :.h·i:d.e industry, the textile industry, and 
th·e la.dies. se8JIJless hoSi.ery industry. The latter two DYNAMO computer 
mode,1S: were form-µIate·d by tb·e: C.ivili-&1 Industri·a.1 Technology Program 
in Textiles at the· u .. s. Dep:a.rtme.nt: ·of: :Commerce: in Washington, D.C. [35]. 
Nord [ 36 l h.a.s d.eYelop.ea a. --q-~qin~~t1y growth :mo_del to study the ef-
fects ·of; ·.new J>r.oq.uc:1; :i,nt~o.qucti.on on. both .. the :firm a.rtd. :the ma:rketplace. 
In -at.tempting. to i-nipro.ve th:e· capaci·ty· an4· prociuct,i:on: acquisition poli.ci.es. 
:of· the firm, the· ·poss:fble: limit_:ing ·e.ffe-ct· o·f.: .such :pol:iciea on a .. com-
po·li.ci.es and the:ir .-effec.t.·s ·on corporate: ~rowth ,: Pac}{e.r [ 38} t.race·d ·the: 
::probleII1.S :o.f corporate growtb to two c·o:r:npany- policie_s (o~· respons_e: 
.bel1a.v:io:r$)· an.d. to' tb:e_:t:r e_f"f~ectp on the: .market:place. The -key ,policy 
the flize. of .its- li:r:of'e$s~ona-1 ,st,a.ft,, "l~Ptn techtti:c:al an:d manageri.a.1, 
production ·cltpacity, lrt. terms· of both inc01:~~ased. _pl~t :and production. 
work force. .The $.Ol:utio_n~ to· these prob:lelllS wer·e found to li.e in·''····.-
.. 
a bette.r unde.;r.st:a.n:din·g, of ,growth· dynamj cs,_. ··o-r the impact of res·o.w-·c-e 
.. 
acquisition arid: a11·oca.ti·on ;p'olicies, and oft~~: _necessity f.o.r .mon-i:toring 
the sources of market feedback information." 
Swanson [ 45] has applied industrial-dynamics to· study companies 
in the long distance gas· transmission business. His efforts prove the· 
. usefulness of industrial dyna;rni cs in analyzing current policies (:Llld 
I • 
::2.1: 
'· 
' .... , ... 
I 
I 
I 
I 
f 
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» d~signing improved' policfi,es in ··th~: areas of resource cont·:rol :and 
marketing. 
A trucki_ng GOID]>t:UlY was t'he object of ·a st.udy by ·wright: [ 51.J •. 
l•'l_µctuations :i:n the :10:ads upon different terminals. were caused by 
·th=e :a:cbedtl.1:ing. o.f ttµc~.s petween the terminals. .· . . ' . . Exi:st1ng managerial. 
tiq:n -or· :ne:w _p.ol·icie:s· which. eli'min.rit.e:cl the fluctuat·ion,.s_. 
,. 
:S.chlager I 41] has helped apply the .in·dustri-al eyrlarnjqf> teenni,·que 
in -th·ree· coli1:p&.1.i.·e.~ in the Milwaukee, ·wisco:p..$i.p, area.. Ttre first ap~ 
:pUc~t{·on· ooncer.ned :t,he plannin.g ap,q._ 'C:ontrol :o-f ·pro·duction, inventq:ry,: 
,plicat:ion.. :The .¢1:>j~c.t o:f tlre ·th·i:rd a.ppli·cation: w.as the pr·oduct:· 
develqpment dec·i$i·or1s itt ·,a. high~y :£echni.9al ~n,o.ustcy.... From his ·ex-. 
p~:r~enG¢ in these conip.ah.i,es,, f3-ch)~~~~-r has .. :fotm:d that: lt .• ·.the developm~;n_t:, 
themselves a. fe~_dback p.ro.cess.~ Prob·'iem deti·~iti9n. was mo'dified during 
the system de:scription and mod.e'l .d~yelopment and, to· a ~es:se:r· exeen.t, 
·, 
throughout th·e remaining; p:n,,,ases of the.· study." In ~11 th:re.e :i.ns-tances, 
.. ' 
definite improvements we.re made and attributed to tlre· .indus,trial 
dynamj cs simul.ati.on studie.s . 
A model of the aerospace industry was ·developed by Miller ·and Kane 
[32] specifically to study the effects of alternate policies of inde-
pendent· research and development funding, engineering manpower structure~ 
I 
,. 
I 
I 
I 
I 
I 
1· 
I 
I 
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and facilities upon sales an·a. profits over an extended period of time. 
Industrial dynamics was .chcisen because of its ability to handle many 
variables and evaluate several alternative policies in a format which 
-
is readi:Ly unq.etsta.ndgble and easily compared with previous evalu-
.~tions·. ,It wa$ found· th.at vari.ation-r~ i·n f\mdin·g, altho_ugh small in 
te-:rms o·-f percen.t:a.ge o·f' a.ales,. hEtd: .~: s:i_·gn.i.fj_c·ap.t affect, -upon the_ growth, 
~ 
-
.. 
' · .
... stab.ility. , .. or :de .. cline ::tn s.tues: ._pye:r. -~. te.n year· per.i:.o.d. TbUS-· the 
·. . . '· 
·b~e:cj. c.ompa.ny was confi.rmed.. . 
·' 
. 
earni!J.gS ·for a :Ceni~·n·t ¢·q11111@:y· ~e ;pr.opo.;;e·d b_y ·WiS:ine·r :[5.:0]. The us·e,s: 
.as ,analy_sis<,: .des_ign o.r :rea.si.bility·, -ap'.cl cont.rol-. 
«B-ane ·t3J "aJ?plies the: bas:ic conce.pts .of· indust-rial ··dyn:-tm1·cs to 
straint on, the system exis-t·s i-n tl.1at· n.i~y jobs a.re reqµired t.o pass . 
· troll~d- an·d. Ert.ab·ilized -~ga.ins:t c:rutside'. dist,·µrl:>~c~-s,~ 
An ·in.dust.rial dyna:mi·cs- app-roach ~s 'proposed- by :Rich·ard Carlson [9] 
He notes· that " ••• once 
tlie situation has been- prop.e;·rly· structured, the· developmen.t and revision 
of schedules can: be. -accompli.sh-t~d aµto:niati·cally, without bias, and via 
machine methods • ·,, 
Champy [10] -~µ_gge-sts a man-machine system approach in the .area of 
public works. An industrial .. dyna;mi cs mo·del pertaining tq the hi-ghway 
. . . 
... 
. .'_2:3 
·~ . ' '
·;, 
... .' 
.... -·· .... •\ 
design activities o:f the Massachusetts D.epartment of Public Works was 
formulated, and i-llustrated that- significant improvement in an agency's 
performanc.e was. ·att~il)apie tllrpugh the. us.e of a man-,machine system. 
ni,_qnl];>sqn ["46] present·s a. .dynamf c comput:er simulation model o·f .an 
·.in.st:it.ut.i-.oti: of highe.r· educati:on t:reati-n_g t.h.e .fnter.~cting flows:: .of 
: . 
. . 
:s·tudents:, faculty, c.api·tat. a.ss:e·-ts·, tnforn1at_ioni :an.a. Jn.01tey. _I-t. 'l<tas 
·fowi~: t.o b.e·. a poten-tiall.y va.Lua.ble tool :f'or :planni·n.g· and anaJ.y.s·-is. 
·The· s.tUdy by· Walker [4 7.J :on ·th·e :s:imulat-io~1 ·$.no. opt~mizat.ion of. 
a: hypoth.et·ic·a:1 ·t.ot·a1 .:f'i·rm is· :qn.ly .qp_~ of· many doctor.~ diss-ertations 
-i~qtl1 d¢e:Lsi911 --~~s wrd the orga.n:izati.onal structure ·of the ·fi·rm. 0 
. ~ 
Digital Equipment Corporati·on, Eastman Kodaj{.., ~P~-rai I?y:n.ami··cs., Go.ad-
. 
Mallory, an:d ·Raytheon. -Whree industri·a.1 :dynamics· studie:s of ·the, 
textile industry have ·b.een s·ponsored by the Textiles and A)?p.arel 
Technology Center of· t.n.e Natiq:p.~i. :BU+~-au. -o:r Standards, U. S •. Depart-
ment of Commerce. :In addition, ove·rse.a.s. -.activities are underway in 
. . 
' the Netherlands,. England, Switzerland and Japan. 
·.·•• 
··, 
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CH.APrER III 
BACKGROUND INFORMATION: THE _DYNAMO SIMULATION 
LANGUAGE AND THE PRODUCTION FUNCTION ... 
. '!'be possible tradeoffs between laoor and capital a1·locations to. 
,product- line:s wi.th:in a firm will b-e inves·tigated usi_ng a DYNf\MO siDlu~ 
lation :ir16,del. which incorporates exp1·icit production functions di·rec·tly 
int·o-: tnce model. A description of tlJ_e DYNAMO simUlation. lahgll;ag~. i~ 
i_nfo~at:i_.,_on .contained ·1rt. the te·xt-s·, ·by Forrester [17·J· a.rid Pugh [:j9]~ . 
.•.. 
drawn primarily froID.: th~ ·work of: :Cliirk: :[-11.J: -and. 1e·1e Md :O.' Leary [ 27]. 
The DYNAMO :simtillati~on Language 
A )ituay· of the information-fe·edb:ack char.acteri.sti,cs :of industrial 
si·x types Qf flows: o.ccu.rring· .. ih st1ch: ~y~_y:.~ms·: in.form.a.ti-on,: material, 
money, orde·rs, personneJ~-., :ari(l ·capi_t:·al .equi1,ment.. The·· syinbology pro-. .. 
. . -
. . ., 
posed to :r~epre$·ent tp.es~ tlows in flow :diagrams· of ~11-~: $ystem is shown 
.. in Figure .l; ·TA.e .interacti'on.s :be.tween these f'l·ow.$ which occur in. a 
¢ompany, an indust.ry, or ari economy can all b·e · treated within th·e 
framework provided by ·f:n .. dustri·a.l :qyn~:emj cs. Organizational structure 
and corporate policy c~- b~: :r~l~ted e:xperimentally to industrial 
growth and stability i_n·. an: .effort. to improve the overall effectiveness 
of the· system. 
'·· 
:~.5 
'. 
• 
------- > 
Material 
. 
Money $ > 
Orders --rQ O O O O > 
·p···.·.·.· .. ,.• ·.···.··.1· 
-- ersonne · · ., s . a . .. . . > 
:Figur·e 1. Flow Indicators 
facilitate:d by .DYNAMO (DYN.Amic. ·MOdels), a problein~oriented -CQijlput·er· 
language.. Sets o:f fil·st--order difference equat.ions: are. used tb· 
-·-· 
.. 
· des cri-o,e ag_gre··ga.rte. flOW$ w.i.tl:ilr:i: tbe sys t~_m... ·Tb~ I>Y:NAMQ ~langu~ge· ,i:s 
tbbro·ugh error: aii·alys-is rout·i:nes a.trct provi:des .for ·the :dtitp.ut· of 
their behavior ·over :t·im.e. 
DYNAMO use-s ·the. con-cep.t of i:r1tegration ., wh.ich is the ba.sic tool 
of continuous f>i.II11.lJ_ati.on: c·or1sJ.dere:d e's·senti..al to· the process .. of ::repre-
senting ··reality. ·Time i·s- di.vi.de:d· int.o .. small. :i·ntervals of equal ·time 
called DT (Delta :Time·). The s·ub.Script K:. ·denotes the present. t·ime 
period, time on:~ ·period in- th·~ .. p.a$t .t.:s .i:ndicated by the s)ibscript J, 
and the subscript L refers to -~i.me one increment into th.e future. The 
-
interval just completed is- JK:; the next interval is KL. This concept 
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of time is illustrated in F_i.gure 2. Th.e time increment DT can be 
selected small en~ugh. so that th.e· str~ight· line s._egments over the 
intervals will approximate..· any .. c-u:rve as c16s.e]y as desired. 
Present time 
.. 
~ .. K L 
·' 
...... ·. . . 
...... 
: ..:,.,, '.· :-.':' ... ~-.---t------------____..-~----,1------~~------~----+---~ 
--Time 
-- : .. DT= -----~~~:~-- .DT --·...;..:~ 
·(J:IC:) 
.. .• 
:('KL) 
the ·reso.urc~.f? of ·the, sys:tem. :Illti$:t b.e .con-s:t·dered... .Level eguat.i.ons a.r~: 
use·d. t·:o ·dei'in.e the~re res.o.1irces· ·(labor, :capital., ~-tc·.) in the mode·l.· 
The flow .of a reso:ur·ce _intq. qr c>'"ut of a· level :is called ~ rate. The 
present level. :(K) of some· res·ource i~. ·aiways equal to the previous 
level (J) plus or minus th.e·, ra.t,ce .. of the particular resource flowi:pg: 
into or out of the level ·auri:ng. the intervening time interval (JK) •. 
. 
An. e~ainpie of a ·DYNAMO level .. equation repres.e·nti~:g this ::situation is: 
LEVELl. K=LEVELl. J +DT* (RATEl • JK-RATE2·. J.K) 
Th.e· rate for a future time interval (Kt} is depen~ent upon .. tb.e· 
. ·.• 
. .\. 
.... : 
, .. 
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state of levels at t·h'e. pr.es~ent: tiine. {~.} and th.e rate ·of flow duri_ng 
th.e· increment of ·time. J.,US't: ]?0.S:s~e::d. (J:K}.... An example .ot a s.imple rate 
equation 
C 
• is: 
. ·_RA:!I1$l •. ::i0:r=tEVEL2. K/DEL. 
·wh:_e-re :DEL .i,~;: a. ·cons·tan.t. value for· :-s.ome :delay. 
Many fa.cttfrs: -are c_ollllilonly iI1.volved in the· ~eci_s·i.on~m~ne; p:ro-
This h~) .. ps t:o :s::iJn.pii.-fy 
·unde_r;"st,an:dab.:L.e-. Auxi.l:ia.rie.s.- :a:re c_al«iula.te-q ~t ·time K from leyels 
and. other auxi:1:i.ariep .a.t ·t·ime K, and from rates of the. previous: t.ime. 
:i1iterva:l_,. JK ... 
Vari·ables: .whi.-ch ar:e· ·n.ot .. a.ctua.Uy :a p:art· :O-f ·the .mo.de.I_. st.r1.1ctU+·E=·, 
. . 
· in supplemeritarx·· _ equati.ops and· the :results _pr-int·ed- or p·lotted. 
Initial condi·tions .mus-t-- be es·tablished .ro·r· all level and :rate 
. . . 
- . 
. - . . . . -. .
 ·-.. .- . . . . ,' 
. 
. 
' ' . 
equations~ Tb·is cE!ll be-. ac:cotnplish·e:.d 9:Y. ·11$i:ng :tnftial value equations. 
Initial value:s. ·for amd...li~rf:e:fS .are ·dete-rmined ·fr·_om availabl~ level 
. 
and rate informatiori .• -
Constan.ts a.nq.: table.s·. can be sp~cifi~d as pare..meter·s wit.b.i.n the 
;· 
model and are· th..~ 0 qniy quantities. that. can be ch~ged irt ·b·ack-to-back 
reruns .• 
Time delays .occur in ·the·· flows. of physical and informational qua.p..--
• 
~:l.ties · in real. systems. Sl)ecial delay f'uncti_onfl are available in 
28 
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DYNAMO which allow this characteria·t'iC ··to,'be. inc::prp·orated. ·.·i.nto a model. 
Other functions and Jnacros: are also· available. In addition, th.e· capa-
( 
bility-- to in,c.lude user-written· macros exists to hand.le special situa-
tions which may arise.· 
The basic f.orm of ·a .DYNAMO equati:on is 
type quanti ty=.e.xpre:s.sion: 
A S:-i_ngle ·1e·tt-er specifies the· type. of equa.ti·on. to follow.: L (level):; .. 
R (r-at·e) ;- A -(auxi·1iacy:); :S, (supple:ment.acy}; ·N (i.nitial value)·;, C: 
. 
. . 
. 
. . . .. · 
. . 
. . -. 
c:onsis tent with. the r:uI~s· for ·t.tri tin,g an .equation of' ttre .. type, spe:ci_"!-. 
¢ard., ·foll.owe:d by .at least one spa·ce be.for~ defining:. the. equation •. 
.~e f?tatement of the equat·ioJl :mu.~t contain no s:p·ac.es: s·i.n-·ce the first 
spac·e following the begin-ni-r1g of ~n equation indi.·cates. it.s termination .• 
~ ' ... -'-~. 
Continuation cards can b.e. ·us.·ed. ·if all of the. :i.nf'ormat.ion does not :f'i.t 
.onto one card. Following the ~:q>ress·ion· _p·ort:lon ,of the equation, 
comments can be inserted to ai.d in clarifying the .-rn.odel- equations •. 
'X 
Comments can also be made on .NOTE. c~.a·s whi,ch a.re.· prov;ided speci.:ti.cally 
for this purpose. •· .· 
.~ega.rdles.s·.of' the··order i.n which.the· model equations- appear, aJJ 
.. 
.;_ level· equations are the·· first to be· eva.luated at tiI,D.e K. Next in order 
29 
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of execution: are the au.xi.liary equations (also at time K) which re-. 
qui.re the present values of levels. Last to be. evaluated are the 
rate. equations for ·the·· 1·nterval KL since they· require the present 
value. of level_s. r;m.:d/or -~lD.Pli.~ri·es.. After all quantities and rates 
have be·en. comp.uted, TIME, a clock· ·1:ruilt .into DYNAMO .in the :Co.rm of a 
.:1.evel equation., ·is incremented .I>T. ti.me unit·s,. This has ·the e.f:re·ct ... ~. - ,•. . ' . . . . 
of translati-ng. ,all ·v.alue~ jU$t.: c~:c~lated back .o:tte t:i-me .. inte.rval. 
Thus, ~he: ·q'llarrtitie:s. dete:.mne.·:.d :at TIME. K are µow' c.·onsi·de-:re·d to be 
the values of TIME.J·., arid the rates computed for the- :i,n.tervgJ.. KL ar¢: 
now treated as ·JK values~ .'l'l'.re: . o:r-dered comput·a.t:ional cyc,le i·s then 
models. The _purpose ct .a· fl_ow .. ciiagra.m ±-$, simply t.o show wh-i:ch 
varia.1:>.les affect wh.ich other ·va.riabl.es. ..A. ,.symb.o:1o·gy has been 
:devel:ope.d wh~·.ch i$. t·.o 'b.e us-ed :.in the.· cons:tructi.on of flow diagrams 
a.ppropr-i.~:te .. symbols·. are. i.dentifie.d J ..n Fi.gu.re 3,~:. and .. ·an explanation. 
-of· .e.ach one follow$ 4l 
A level equation .. is repre:sent.ed ·oy· a. rect~rtgle where the incomi.ng 
and outgoing. ·.flow:· li.n.es -serve to i .. den:ti.fy th:~ :flow·s associated with 
... 
:, 
example . specify mater~~l flt>W,s:· .• 
A value symbol is us.ea to. identify rate. equations. Only infor-
mation flows are permitted' ·to lead into rate symbols. . Rates that are 
,· 30 
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LEVET,J 
Level 
:Source 
' 
( 
INFO 
MAC OUT 
' 
I 
Macro 
.. 
DEL 
. 
.•... 
RAT-El 
\ 
' AUXl 
I 
I 
' :ijate. lluxiliary 
" 
CONST 
q 
S:o· k 
.. In.•. ·.con:stant 
. •''• . . . 
.\ 
eonnect;i.ons to .and from other 
diagra.ms 
Figure 3. :r.tow Diagram Symbols 
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¢q11~i.cle-re,a to o~iginate out-side .of.:· the system are show_· as c9IQ.1n:g from-
sour·ces. external to. the< system:,-. while ·those which fl·ow ,oµ~-: ot.' the: sys.-
Auxili.ary vari_ab.les are s·hown as· c:irc"J~es • T-ne: inc_onii_ng tlow.-
.. lines iden_tify the -varia.blE=q_ f'r:om 'wh:Lc-h @. g11Xilja.ry· is :calc-lllated. 
The singular outgoi:ng flow li.ne i·s, typically re:-stricted.: to an ·in:t'or~ 
niati·orr flow . 
. above or below a 'E>O:l_i:d line ·which 1/s then connec.teci- to the.: appro_p:r"i'.ate 
ti·on which relates a va.r'iable· to, ·the, value .of a _:macr·o.- ·:-Ifi t·he '.illus:--.. . . . . . -- . . ·.. . . . . . ; . . .· .... -. . 
' . - ... · .. -
tration,. lv1AC specifies: -the- name of the m?,c_!.'O us·ed_, .OUT· is t.l:ie· -variabl~ 
computed. 11si11g th·e ·maq:r:o-, and DE£ is the key :parameter o:r the macro ii' 
·INFO i.den·td .. fie s ·?.n addit.ion-ai -0.1.itput ·o·r ·tihe :rn~cr.o; however.,. tlti s 
·s-ectiqns, the sources .. ·or terminati:ona of ·:riow lines which appe:_~r :in: 
otb~.r , fi_gure_s· .c-an: be handled .. a.,,$· illustr~ted in Figure 3. The: con~ . . . . 
. ' .. 
··ne.c-t.ors :stiown in the ~~~ple speci.f.y t.llat a mi:t"terial -flow terminat:es_ 
' at: ·vAR2 in Figure B, while· .VARl J~n _Figure A :tc1Jntifi-es: the-. sottrqe 
,r:r·om which an informati·on flow originates. 
In ad.di tion to t·he equation and NOTE eard·s mentioned earlier, 
other cards are required to co~plete the model deck. . The first card 
,. 
~-~- ,.w ·-·----· .... ___ ---- ..... _. -·------·· -
... --'-'..ii -';'· 
• 
,one: followed by one: spac:e and a tit:ie' :tar the model o.f ·up to fifty 
:characters. Thi's ti tl~· ,-is ::pr-inte.d· at: tne 'top of each page of output .. 
lJaer-defined macros (if any)-: immediately· follow· tl:le. asterisk card. 
which de.fine the model: a.n·a :include -expJ-.~a.tions of: th~ e.qu~tions: and 
.. nece-ssary for execution. (levels, ,aux"ilta.ries._, a.rrd rate·$). 
:The. PLOT ear<i indica.te.s. whic-h. var_iable:s a;:r;e to b:e displayed in the. 
t.·he size .o.f DT.,- the, let1gth of tl1.e. run:, and ·the intervals to be us:ed· 
output is. g:iv.en .in' F.i.:gur.-e, 4.. 'rb~ output. leve.I:s. (Q) resulting :from 
:di:fferent. combi-rl'at:ions. of J .. :~bo:r (-LJ ,and: .c<:i.pita.·1 (K) were determi·ne.d 
using a pr:oduction function :(t-.o· b:e· g:i.scuss.e.d later in this chapt·_e:r) 
and plotted by DYNAMO.I! 
The last c-ard :in ·the :;mo&e-l. deck is: t·he RUN card-., :Re.run-s. of t:ne 
·model are a.c;c_omplished. 1:>y :u_sing -addition:a.l :RUN cards, ,each, prec:ed.ed - : : . 
. 
by the ne~- ·va.lues of ,-one: .or more cons.tan:ts ·or ·tables t:o: be used in 
' . 
the corresponding rerun. A run description of up ·tci fifty characters 
may be included on each RUN c·ard. This will be printed· at the top 
of each p_age of output along w~.th the title.: 9f. the· ;mode-1 ·and. t.h.e. _page 
•. 
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number. If the values of d$_ff_erent va:ri,alD°les are desired in th.e 
tabulated or plotted result-s·, the approi;)ri·ate PRINT, PLOT, an'd SPEC 
cards must be included just before tb~ Rl.JN card for that rerun. Mul-
tiple PR.INT ~d PLOT cards ca.n: be s,pec-:ified for the :i:ri:i t.ial .run or any 
subs .. eq11ent. rerun. 
:This conc-ludes a br$e.f ,des·c.rt-pt_ion- of t;he DYNAMO simul:atiori: 
models. Th~. informat·fo-n: which. has · been '_pt··:e_f?:~:nted ne:re sho.uld. :enabl:e. 
the ~~ader to. bet:ter understand. 4he mocle,l p_resent:ed: ·in. ·chapter- l)l· arid 
-tne evaluation. of DY-NM40,. _a;-$ it re:·lates- to this: s_peci·fiq =applic:at·ion.,: 
to be included._ ip.- .A-qpe·n:eiix, C •. 
The Production Func_tion 
·consider~tion. A prodlic.ti:on. fill.lction i_s: a ma.therna.tfc.·al re·lfltionship 
factors [27-J. ·The. _particular form of the _production funct_ion 11.s.e·d i,n 
thl:s :study :is 't-:he Cobb-Douglas production_ .tunction includin_g· a neiitra.:i 
. ~ 
te<{hnqlpgy t:e_rm. .. •· .I 
uni ts of measure which exist for each compqnen"t";. and:. sel_e:ct t·he. -one 
which best represents that :t·actor and for which· acc::urate .d~t-a can be " 
collected. One of the: most o'bvious: measures -for :outp:ut _is the ·number 
... 
. . . 
• 
I 
I 
, 
. . 
of. physical units pro4~cecl~ A. be.t:t_e·r measure: whe.h no·nhomog~rie,c;,us 
,,; 
output is _involved (e·. ·g·. ,. output: :trqm· .di_:f'fe-:rent product. lin:e-s J :is tJ1e 
. . price or c.os-t·. t>::f': -th~ _J;):h:y,s"i·:c·al· outp1.1t.. A measure that is- frequentJ~y .· 
used is k.niOrffi· .as 0v~_lue added," the value of the ~09d$: pf.o.duc.~:d :,less 
the va:Lµe of the: materials u·sed in productior1. ...- .. 
.. . . -~ 
' labor cost. :sir1ce 'various c:at;egories of lab.or exis·t f:n -most: pro.duc-
:tit>n -situat-tons; th~ 1:>est ·measure of this component would :seem to be 
the: ac1}u~l- dolla.:r '"J?ayment".f3 .. made to labor.. Possible 'Cap:i ta.l ,me:asures 
,&r~. _physic.al coo_:.st ,._ bo:o:k value.,- or dep_:r;ec-i·at·ect v.a.lue: of the· -equi.pmertt-
-use·d.. ·The ·va.l\le ot·, the ,c:api·t.al: emp·loye:d: {plant .at ttQ$t·l-"appe~:r~- ·t.o 
. . 
._ 
fc>i.iow~ng form: . 
.. 
where ~ is 'the ·:9utput at time t, Lt is tb.e labor at time t., Kt is 
Ii 
the capital at tim.e t', :·and all quantitie~ are measured in terms of 
c·011stant dollars at :some ·bime:, say t ..• 
. -0.· 
-~ -~ ... · 
~ ·----- " 
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'Tn.e.· pci;rt®.eters a and /3 are the elas.ticit·i.es·. of· production ·with 
11,,,!1 .... 
respect ·to l~bor and capit.a.l. The elasticity of· a factor re:fi.ect~ 
the:· percent ch9*1ge in output nth respect tq .. ~ pe_rc.~nt: ch~ge in: ·the 
input factor [ll]. Cqnsider s.pecifical_ly th~- :elast.icity· of labor, 
a . This can be .defined a.s the ma_rginal prc)ductiTI·ty of labor, MP1 
(the rate or· .ch:ang·e ·o:f .output with respect t'o· labor' ipput}, divided 
.. 
by ·the· aye:r:age p;rodJJ.ct:ivi·ty of .labor·, APL· (--the: ·ou~1;rut p,er un·it. of 
i.~liqr) .. '.T:}1at: :l $: , 
1':; 
~ = MPK/AP K = ~/9_ . 
· . · <1K K 
:~e: parameter b :is: re.1:ate.d to techi1ological growth while the 
. . . . ·. a+ bt Th.us the. term e re·-
. . . . ... '. . 
. 
fleets increasing· e,ff:ici.·~nqy over· ·t.inie :due ·to. :advances in technology. 
Th_e _producti.qn funct.ion de,f'i·ned it1 this· J'il.anner has s.eve.r111 
(1)· Output is z_ero if' either 1$.bor or capita.i ls 
zero. Thus, a balance of' the input factors 
is required to. achieve the desired output level.~: 
... 
·, 
" 
. ...... . . 
-~ 
' -,-.~·---~-
• 
• 
. -.- • .. 
·~---;!°'~-"-Jr·--· . 
..i.i ' 
\ 
... 
. ~-
ctf'.ferin_g a ... true re.fle.ctit>n of .. re~_~ty:., 
:(:2:.} ·output increases: with l,apor an·d capital.,_. Cer--. 
tainly this :ts to ·be: ,expec·ted and is a highly 
desirable: cha.racteri-s.t·i--c: of any prod.uJ;t.ion 
process. 
(3) Each facto.I.' obey·s :the law of diminishing ma._rgili~ 
·returns. wnich :s:ays, in effect, that -~1 in.c.reEts.e 
i·ncre·ru3e: i.n p:ro·duction. 
·The pe·rc.ent .. ¢hange. in output will o·e· the sa.me· 
·· .. , . 
t,ors i.f' tlle chatrges are: equal. 
(5:), :E·fficiency increases w_itn. ti.me. ·'rhi:s .can: be: 
-:at,t-:ri-b.uteq;. to increaf3°ing te·chri'ol~gi cat advances 
an~ great~r efficiency. 
.. · 
The st.andard Cobb-Do~glas p;roduct,f 011. :f'up_ctt-.on cioe:s· not in:clude. 
capital are unres:brict·~cl. ·r:r ~heir sum: is. 1e·ss than one the percen.t 
change in output will- ·1>·e: less than the percent change in each of the 
. . . 
. input i'actor·s ,. refl·e:cti,ng decreasi:11g returns to scale. Similarly, · 
•, 
·, 
:···· 
\. 3·a ·'. 
. ,. ·_. .: .. · .· 
I• \ ; -, , / '.; ~ ' 
' - , ••• 1 ' 
I, .. 1,J , 
-
, •. , .,., ... .l>',l·',····•"'rt • 
• 
· .. 
increasing tet.mn11 to $Ca.le, :~re· reali=zed it· the elasticities add ·to 
'· 
more than one [2:7-J. Walters f 48.J of:re·rs .eti:denc·e supporting the hypo-;-
thesis that the sum .cif. t·he. input faqto~ e:;last:~.,c:Lties usual J y approxi-
tioh that the pro:cluoti,011. f'un.c,t:ion has ,con·stan·t; :returns to scale. 
In consicleri~g any· lb!3-g-run .proqes,s it is ·advisable not: to .~gno:r:e 
· inereases ·in. the state of .. the: ·arl·:·o.r- .increase.d productivity due t·o 
fact·ors requi.red to maint·ain t·}.le same level Qf: .output· is :attributed. 
.. 
... 
·the pr.odilct.1.on· fw1ct:ion the·. :ino.·st common technique. us.e·d.: is ·t.o ·int.rt?-
. . . bt .. · . 
. dµqe th·~ exponential f'un·c·t.ion., e: · · ,, ·whe·re t ·repre:se·n.ts. t:h.e. ·ctUnUla.~ 
.; 
the r{it·~ o·f t.ecnr1ol_ogit!:al pr_o:g:r.ess ·i.s ·e:XJpo:ttent,i~}y .-qist:r:i:1:ruted. crver:· 
Jllao1" actually be embodied in. the· ,la;bo:r and capitEil ·fi:gUres. Ne\r~:r--· 
. . 
theless, this approach is ·commonly· used ::an·d ~v~~: .a gopd. repre.~:e:ntat.i:on \ 
of technical advances. 
The para.meters a. , b , and a of the production function are de-
termined by consideri!}g thf= linear l_ogari thmic transform of the or~ginal 
function and usi~g stati~·t.i.'cal :r~gression techniques. The prog.uction 
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·, 
t.he.· actual dollar payments. made. to .. ,lalio.r s.e.rved -a~ the·, lab·or GJ:>inponent· .. , 
-and the· value of· th:e· -c:apital employ.ea. was tne ine·as··ure :o,r: the capital . 
input factor. 
cos·t· eg_u-~t_i .. on, :~~~s-ure:d in curreh-t, doJ._lars. :[11, 2.7 ] • ,Let· 
(1J ,Xt, be the 1:ab:e>r a.4.j:·ust·me:n_t :factor :SO: that t.he. 
ac·-tual w·Etges. p·ai.d at ttme· t: ·al!~ :x·t. • .. Lt:,- .ahd 
(-2) _µt. ·n~ the .capi·ta.l adj:us·tment -:Paq·t:or so: that .. ., 
-~t/f't ·is th:·e. ·value· ·.of t,te c_api_ta1. employed :at: 
time- t·. 
tio:ri t.akes, th.e :form. 
:.c_t_· .. :=· .At--· ·• ·1 +· r ._:(1<·· /:µ J: • t t··· t·· t. (4)·· 
While sevet·ai comb-in~t:ion.s· o·r ·1a.bor a.rid .ca.pit-al mey· ·prod"Q.ce: tl1e f 
. 
sa:roe output level,~- it can~- gen.er.ally be corrc:ltlde?i tllat the: c~ost$ as-
sociated with. th.es:e: various. combinations will not be th.e same.. By 
usi_ng th.e c~s:t; e·quat_:ion. in conj unction with the appropriate produc-
tion .functi.on!l the ·1eas:t·.expens.ive combinations of feasible labor 
and capital alloca.t:i:'ons·· can be determined, either on an individual 
:40, 
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·product ·1ine or aggregate basis. · 
·",. , . 
Heacox~ Lele~ and O'Leary· [ 23] have us.ed optimi zati·on .. : te:chn:iques 
to:.:derive equations- which_ speci.fy- the optimum levels· of' :la.bt:>r arrd 
'Capi,tal rtece-s·sary to. produce· a, given· .level of . 011t.put . at miriimUIJl 
:cc,S.t•: -No b~dget or othe·r qqn~t·raints ·wer.e impo.s:e·d>. The· resulting .. 
. t~pt,ima.l labor an.d. <Ja1f1-t·al .. ·~qµata.ons in C:urrent dolla..rs at time t 
/3 
Lt*= Xt ~ a. +bt 
e 
-a 
* l ~ a rt - .·•·· (6). Kt - - xt. µt (l +bt B l't e 
-· .. 
with the· correspo·ndi:~rg. minimum cos.t defined as 
(3 a 
* ~ rt xt :{7··1 ct - • a. +bt /3. µt a e 
While it is realiz~d tha~ intangible consi-derations may :e..xis:t whi-ch 
explain the differ~nces between .act-ual and optimal levels:, m:i.111.,mum 
• 
cost does provide o.ne measure :of ~ppropriateness of' ·th~ ·.lab,or :~d 
capital input leve·:1s: .• 
Several possible applicati.ons of the producti.on fun·c .. ti·on in 
', business are s.~ges.ted by Lele and O'Leary [27 ]. ·These, .include: 
" I 
:. ''', 
; 
·,.:· 
0 
·1·.,, '1·,' 
/ 
~ ! 
. : 
• 
.· ·• '' -~ '! ::/;.l·;,' 
' ~:,•: 
• 
.. 
·(ll .Provid~ng roanur:ac-~ilr-1:p·g_ .IIlM_a:gement with. a very p 
.... 
., .. - powerful toql: .for us~e:" :i:n :torecasti.ng and· lo.ng-. · 
range planni.rig:,: 
. . .. ~. 
(·:"3'-) Deter.mini~g- producti.on :capaG.itt~.s for given 
(.4) ·:Evliiµa,t·:Lng al.ter:na.te.. pat:tetnsi ,a.f· res:ource 
. .• ... 
~xpenditure. t·o ,achieve -stated gp·als __ ;. 
:~ucp t;ti.a.t. t,he total system cost. wil.l b.¢: :1n:i:c:p.i-
the plants.; 
(,6.J .Evaluating JP.aP.~itgerial ,deoisi-ons: b-as.e.d~ ·as an: 
example, on ,:£he: prod~uction c·ap·aci·.ties_ of p_l'artt-s 
given identi c-a:t. ievels of -i_nput l'actors: {an 
ll'.lent._. 
~- . 
. --~ 
From this_· list the potexrht.al: EID.a :cli.ve-rs·e- applicabili,ty of the- pr9-d_uc~ 
tion function is evident. 
Th.e production function and th.e cos·t e:quat.io:p. ,as. de.scribed in 
... ·. 
this chapter will play an important p_a.rt in· the: Jn.odel· formulation. to. 
follow. Th.e· optimal labor and capital equati:ons: ·and the· correspQildi~g 
. . 
. 
42 
'· 
• • I 
,· :, 
. ,, 
.. 
'\. 
·--
minimum cost equation w:::Lll b.·e \1.s~e . -d to p:rovtLde optimal labor,. cap~.t.~, 
(.'•v., . ~-., 
L, 
'· ..... , ... 
and· cost fi_gures .. wi.th'". which the_' ,~timulated results can he compared. 
. . 
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CHAPTER IV 
·nESC:RI:PTION OF· THE FIRM AND MODEL DEFI:trITION 
Description of the Firm 
Several proAuct lines ··_ax¢ c:urt-en-t'.ly· "being: m.art_iifact:u.re.d. by the 
. 
fi·rm under con.sia.,e.rat:ion.. ·''m.le: :model. to .b:e· .ae,fine.d lat.er in this 
chapter does·: not enibra.ce. t:he: ·ent.ire ·ri ..rm in. ·that 'Only·- three of: its-·· 
to be considered al.lows an ·aggre.gat:ion o:f· produ:ct: lines: to be stu.o..ied 
without ·ertt.ailing the development of' an ·all--irtclusive· :1no.del. The 
The· -c:ha:racte·ristics ·of t-he· sele.c:ted. :pr:e>duct line·s, i=llust.rat.e ·the 
'llle first p:roduct. lin~- '.CO;n~is·t-s. -bf Jiighly 
·. ~ 
:aut:oma.tea.,. Iow~.v:al.ued a._s$emblie·s:, ·-a: l~rge volum.e- .of whic:h are- Jn.anu~-
and manufa.ct.µr:~·o. t-c.l: fill- $.:pecial c~st.ome_:r .. ord:~rs.·, constd~tute the 
of the . se:cond. product line's produc.tion.. The :t·hird pro_d'U.c-t line 
specialize·s .in soph_ist.·icated :ele:ctrorii.c coni:P:.onent.s and equi.j;:nil¢ht-.-. 
Together tbese: :product -li:ne:s ·comp.rise ,a signifi.caJ1t: portion of the 
lines have ·been determine·d. _using_ .sta.t-ist ..ical re,-gre:s~ion ·techniques 
and are as follows : . 
· .. 
·. •. 
·:--
.... 
.. 
• 
I 
Product Line 
,. 
Production Function 
1. 
··'\···._.··. ::: e-.,7584:3+.b7025t L .• 6,9636 K .30364 
···t· ·t . . 
3.: . . c:t. :::: •e-.86889+.01475t L .59892 IC ,,40108 . ~ t t 
.. 
adjust~a. to const.ant doUar:s, wer.e, u·se-d t·o: deibe,rmine each pro¢iu~j;ion; 
fµr1cti.on. 
of. ·this as .. slµIlpt·ion th~· :foll·owin:g· graphs ar·e presented·.. Figur·e:s 5, 6, 
a.nd 7 illustrate the; act:ua.l ·value: adde:d o~tput· :for prod\l.ct :line.fl 1, '2:, 
and 3, .re.spe:ct.ivel:Y:; cont·ra.st~d wit·h. ·that pr·e.dicted by ·the appr.:opriate. 
production· fun.ct:iQP,,, 'l'lle _p.roduc.ti:c:)n :t.urtct.ion output values were de-
termined using: 't-be· 'actual :dollar :1eve:·1s c,:t labor . and capital expendi--
tures made a.nnuaily· over the ·thirteen y-e·ar period. An aggregate 
representation of the value added output of all tbr~e product l.i.nes 
is shown in Figure 8~ It compares the sum of the actual value added 
outputs for all product lines with t1:J.e sum of the production function 
determinations. Note, in aJJ four cases, the closeness of the .curves 
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the derivat ..i:on IltO:cess: ·st:atist·i·c-~ te_st,s. we.re c·onduct:e.d on th:e -pro-
:duct·i-ori -1'\m·ctions which indi·cat·ea t·h-at -the· :fi·ts.: bEYtwee:n actual and .... -~ . . . . ·•.. . .- . . - - . . -
:preiµct.e_d results were'. :good .• 
Ee.stat .. ement ·or the P:robl.em 
. . . . . 
'(·1) produced· th.~· ·sa.a;u~: ie.ve:.l: of output for· 
. (2} at .a t·ot:al .input: cost less ·tJ:i~ ·thJlt. 
tb.~ -~ggr~gate "oudget. 
. . . . .. . . ,· 
,-'" 
· Tf1e .an.nu:aL :1a,l)or :a.n-d c~pi·tal e·-xpenditur~s f'or each product line. 
,' 
:are s11mmed. to.: .dete_··r:nrl.ite t·he ·indi.vidµal proo:uct. line bu_dgets 'fbr a 
. given· ye·ar,. which i·n t.w.n are ... s-ummed to define the ·cqrre_spondi_ng _ag-.. 
allocations on -~- :.product line or _a.ggr,egate b:asis:. 
The cost. e:quation (4) :wi·il be ~ed. to .. dn·o: the ·cos.ts of the .actual. 
cost f_igures derived- ~n. :thi:s st:,udy will ~:s'11:me· that rt, the cost per :mi.it:: 
of capital at. ·time. t .(inc1·11di·p-~ .9-~pre-ciation )~ is ·fixed at $. 25 for the 
period under consideration" ... While this is a reasonable value, tt_e 
cost of capital may, in fact, vary frolzj: .year to year. Incorporati:t1g· 
.. 
. 50 
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• 
• 
(I 
.•. 
any variab~_l_ity of this factor into the model (to be described in the 
next section) could be accomplished with little difficulty. Ch~gi~g 
the value of this parameter, howeve:r, could significantly affect the 
·results of tbi.s: :i.nvestigation. {to ·be reported in Chapter· V) since 
t.he cos.t. equation arid the- :cost. pe·r· :unit of capital play .an. i.rtt~egra.l 
P.ar.t. in. deterntL:n·.i:n-g ·wh.f?tp:~.r o:r· Jro·t., to what exte:nt: ., anq. with whi.: ch . . . ~ ' . 
. . 
,la.oo:r an,.;.cl: ="C:c:\Pit~ :-mixes,: co·st s_:a.vi?gs could. .. hJ1ve: ·o·e.en real.ized. .Any· 
the. :scope -o,f t·his thes·i .. s.. ·']he :inte.-res·ted re~.d~r- m.e.y take it upon 
.hi'msel.f to, pursue this are·a furthe·r. 
outp:ut prod~ced. .. an<l. the total -"labor ap<;l qapit:aJ. e.x:pe_n.diture:s· in6-re·as;e_d 
from qp·f:: y~_:ar to· -th-e. Iie.xt •. ·This. i_:ncrease: .in the· aggre_g·ate bu<f~t. 
-~ . . 
.• 
• .. 
. ~ 
::ts. a~:s.-utne.d: to b.e a.ti t,he· :fu~-rds a.t martageme:nt :1 s :disp:c)s~ to -aoh-ieV:e. ~ 
. 
' 
th.e· total .ou~put attri.b-utable to it, is alloqatecl ·to each. product line • 
... 
Several possibl.e. -i·abor allocations are to be :considered ·by rEl!lg:j..I.lg. 
the ·values above. ·atJ:d be"J~-ow ·tpe actual product.· li,ne ~- +ab.or -.~lac.at-ions. 
of the previous ye~·, mti·t~-- wi·11 be ac.comp-tLi:she·d ·by addip·.g: t.o, 
or subtracti?g from:, th~ ·pre·vi.ous ·-yeSX: 1'$ labor a.l.locati·on ·i:ncre-
nents of the b~dget. :increase attributed to each product line. An 
appropriate~a,pi:tai. aJ..1qcati:·on ·wi_ll be s1.1rnmed with each. lab.or· alloca--
. ' 
.. 
.. 
.. 
-----------------------------~·---· 
• 
' 
.• 
t·i·on -t·o :.y.ielo -an ::all.ocati·on or· funds. ·t.o each product: l·izi'e., Of the 
) l_! 
·various' allocations defined in· ·thi·s. manner, a seafch will 1:>e :cqndµ.ct·ed. 
~o find one. o~ mo:r~ alloc:~t:i.ons. which pro(iuce.s the. s:a.me output· for 
each product. lf:ne .at less ."input C'ost within the designated budget con-
straints:-, either on :ah individual (by prod11ct .iip:eJ or an aggregate 
·capit:a.l. :alloc·at.ions ' :will ·be· ·calcula.tect ;tor eacp. product li.ne. output 
'$'his -a:pprq.ach will help to 4,ete.r:{Iline the: latitu·de.: poss.ible in 
making all.oca.tions whic-h satisfy the ,des:i·gnated ·constraints. UOw· the 
labor and .cap.i·tal. allocat-ions :propose-cl. com.pa;re t:cJ th·e .a..ct.ual _lab.or 
·could possib~y· ·have: :be:en: reallz,e·d ·by UJ3i11g -di:f'fere:nt: a].J.qcati.o.n. pl.ans, 
. 
. ~ 
·will be cited\ 
Definition of the Model 
The model is basically c .. onc:ern:ed. ·witJi determinix:ig· pos,sible dollar; 
flows to the ::i.n::rut fact.·o.rs -pf· production, i.e. , labor and capital, 
in such a:WB:-Y· that the same output level for each product line is 
.. 
achieved at less t.o.tal input cost wit::t1011t requiring: the .e_xpenditure 
of additional funds tb s_atis,ry lal>or and/or ca.pi tal dema.n.ds. Although. 
an historical period is be-ing :considered, this study can beJ.· thought 
of' as an investigation relating to a future time period where the . · 
actual labor and capital expenditure.s budgeted define the- constraints 
·, 
.~ 
. ',• ' 
. ,·-.. !.'1 ,.· 
. '/ . ' : 
'''. 'i '-i, ~ ',:_ 
. · .. , ,: 
.. 
.. 
.. 
" 
which must·. be satisfi~a .• 
For :a fixed level ·of o-utp11t and a given ~).ue of one input f'act.·or, 
the level o:~ tne· othe;r .i.nput. ·fac.tor required to produce the desired 
output can :theoretically be· q;et·.e·troined by using :the production f'unc-· 
ti·on relat·:torisli'ip:~ ;For exE1.II1ple :,. i_f a. gi.ven val·µe .of constant labor 
dollars -.at ·time-· t ., :Lt, is available ·to. product. o.utput , ~, the cap:it·al:.,.. 
Kt,: -Ii~ces·s:ary ·t:o reali-ze ·th.is leve·l ::of .out.put is d.efine·d to pe· 
1/(3 0:/{j 
1\ = 1 
• (8J: 
. . 
Given the dollars avail~lJl~: .:t'.Qr ca1:iit·a.1 ,in-vestment and the: output 
:level desired, the labor ·doll:a.rs· 'reqiiir.~·d to· p'.l.'od~ct t.he output ·c:an . 
· .. • 
.. 
]~~, fotlfid by solvin·g .a si:rrdlar equ~tiqn.; .namely,, 
Qt 
a.+bt 
e 
1/a 
1 
fj/a 
• 
..:.. 
(9'). 
: .· .· •'• 
::Tfl:i.S· ·inve·stig~tion. will. det:erntlne· ·t:ne c·.ap~ita:1 f~ct.o:r· :from ·equa-
tt,on :ca_) for given Val\le.S: .of :()Utput- and };abor·:" ·The· ·O.UtpUt· for each . . ~ 
. '•. 
product line will be: ri.xed for each year.~ while the allqcatton of 
. 
. 
. :f'unds to 1a):)9f will. ·pe.- vari.ed: over a .rartg~· o.f ·va.lue.s. The- capi-t.al 
allocation nec·.es,s.ary· to produce a spe·c!fied ·o.utput level wi.U p~ 
determined for ;each. v.~~e .of the labor factor. s,nnmi ng the -labor 
and capital figures. for each mix -:will. d¢f.!ne· several pos·s~ible budgets~ 
indicating in eac:h case the total funds needed to prodµce the output 
for each product: :i.ine in question. The input cost: of each proposed 
.... 
.. 
.• 
..• , 
labor ·and capital alloca.t·ion mix·, · as well as the cost of th·e actual 
input 'allocations made during each year :qt the historical period 
unde;r ·c.onsider·ation, '.Will b~· det_er:IIlined using· :equation (4) of :chap-
·tel· :rI·I.- The- inpu.t :CQ$t:s of the pr:oposed (produc-t line or aggregate ) 
alJ ocat:i.ons wh:Lch s0;t·:isf'y- the :approp~i.a.te bu.dget··e.o:n5.tr·aint will then-. 
be compared with t·he origir1.al i;nput c-ost: t--o see wh4.t possible saving$ 
•' 
.. e~t-~bli s_he_d ·by ·the ·min-imµm c.o_st equat:ior1. (7) •. 
·c,pµi;e_s. •· It may be that 
. 
(1) all, pr.oduct. :Li.ne :budget· (or cost) cqn~ 
. :aggr~gate budget: (or cost: coc>11_s.t:r:~i.nt). 
not to be sat·isfi.-~q.,, 
(3) the aggregate (or cost) c.ons:tr.a:tp.t ·is 
satisfied while one· .or -µi9.]fe :prod.uct line 
budget (or· cost} .·c·c;,ns-traint· -is not met, 
or ·' . 
(4) the aggregate budget (or co.st) constraint 
.. 
7 
. . 
is not satisfied while one or more product 
... 
I \ 
' 
.. ' " ' ' . ' ' ~ , 
' 
' ' 
• :t 
( 
;. 
; 
.. 
•, 
·lane ·budget (or cost), :constraint 
is met. 
Having identified the possible outcomes it become·s necessary to ·· 
define when an allocati.ori will be considered fea·si ble. A product 
line allocation will .be: feasible if it.s budget constraint is sa.tisfi.ed 
and its correspondin.g input cost is no greater than the input. c.ost: ··o:r. 
its original allo·cation. .An aggregate allo.ca.tion will pe £-.ea:s:ib.J.e if: 
the ·aggregate budget :constraint (the sum of the individual produc:t 
line budge:t. ,:cobs:t,ra$nts) is sat,isf.ied at JlO more. than ·the· t:otal .1.ll;[?Ut 
G6st of the, original product· .. 1·1rre· allot~at-:i:ons, •. Re:iat.ipg tn.~.:~e ·(lefini.-
line =nudge.t. and .. c·:ost c.on:s•t:raints ·are ·sati·sfie·q,. i.e: .• , if· all produ·ct. 
The actual mod.e·l C·an_ be defined by .a series ·of procedural .s-yeps. .• · 
Flow· ·qj.=a.grf1,m~ .. usi·ng: industrial dyna;mi cs sympolo~ serve to illustrate 
the various port:·fons of the sinIµiat·i..on· model and the intera.ct·ion:s.- of 
the many variable~~ ~· list1:ng~ ·of the DYNAMO program :for· ~:hf f3: simu-
lation mode·l is :inc:luded in: Appendix E. Comments= a.r.~= found throughout 
the program wh·ic·h define ·the vari~ples -use:d and ·identi·fy the necessary 
procedural operat.ions. 
Before proceeding with =a discllssion of the steps. as illustrated 
in the f'lo~ diagrams, Figures 9 through 15, a comment on the repre~ 
' -
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sentation of flows, as they re·1at.e.. t·o tb...e· f'low :i.nd.icatC>rs f,:howr1 in 
Figure 1 is .·fn orde.r. The flows .as·st>ciated ·with ·actual labor and 
capital allocation~ and all relat·ed variables :~¢ indi.e.ated with the 
money flow line (-$ $~) since actual .. do.U·ar e:xpen.:.ditures are 
'II 
.invol~e.d. The proposed budget allocatiorts :and rei.~te:d flows are d~-
pic.ted· with· :in.f·ormat.ion .flow ;lines (.- - ~ ) as th~.Y a.re really O!l,ly 
and ·constants, which ·are aJJ30 .repres:ente:d as· info:rma.t:ion. :.:f'l:ows.· 
integer value ,of 1,, :2, or 3. In ,al·l ca.se·s: ·this· i:.dentiti·e·s: the re-
'SI>"ectjve pr-"ocluqt. ·line wit:ii wl1lch ·the. ·variable .. is ai1soci:at.ed.· Follow-
ing ·is a dis·cussion .-o:r each :of tlle flow cl,.iagr.a.ID.s :i;n. t.h~ ·order of 
/ 
..... : 
-:t3:J and ctipital {:Cl,. (12, c·3.) alldc·ations. are re·trieve'd from t·he:"· 
correJ;p.ondin .. g tapl~ (LTOl, .KTQ'J., etc~ ) .illdexE!d by YEAR. ·Each ,al-
tial terlll, ·(ETERMl, 2, 3) r·e:flectin:g: neutr'al tec,hnological ,growth :·is 
determined from the cum:ulative :time: par.ameter (T) and the appropriate 
scale and· t·eclmology cons.t·aµts {Al,, :·Bl, etc.) for each production 
function. From this information the individual product line (VALUEl, 
2, 3) and total value added (TVAlitJE) figures are calculated. Although 
' . 
this step is not essentia.l to the ~odel, it provides information a.1-
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lowi~g the ·p·omparison .ot .actual and predicted value. added output as 
shown :tn· the graphs of Fi.gures 5, 6, 7, and· ·8 e:arlier in this chapt·er: ... 
The _procedure used. to f.inci the product line and aggregate btio.g~t$ 
' \\ 
is portrayed in Figure 10. To. d~t·e~ne the actual ·dollars available 
to e~c.h product :1ine during a given :.ye.ar the corresponding labor ·and 
cap-ital ·allocations are adjusted: t..o current doll·ar: ·figures (LAGTl., 
. 
·C.AOTJ...:,. etc. ) . ·This ·is accomplished- by· -using the appropriate adj:ust-
:ment factors (LDEF, CDEF) as found ·in ·-tables ( LABDEX , CAPDEX) which 
c~pit'~, ~l:toc:at:ion:s in ·cur-rent· ·d<;>ll·ar.s (TLACT; ·TCACT·) ,. ·t:he budg~-t 
:(tot·~i 'f:Unds available·) fo:r each product line (BUD.AO-Tl, :'2:,-, _3..-)., a.n-d 
:the t.ot.al aggregate bu4get fTBtmAC.T) :.are determin~d .. 
-
-F.igure 11 illU·a.tr·q;t.es. how the: increase: in the annual budget over 
'C~--a.pital al:J~ce-ati.ons· :ror ·e~:ob pro'li:uct. line (.LJl:_,, CJl, et·c2.. ) a.r"E~ ta.ken 
:from the -~ppropriate: :t·ables (:LTOl, K.TOl, etc.) ana· siimrned {LJSUM, 
CJSilJM}.. _These cdri-s·t·ant dollar :figures are adjusted. ·to current dol.-
CDEFJ} .. I! ·The adjusted ffgures: ar.e the.rt subtracte4 from 'the total- la'bor 
•. . 
aµa :¢apit~a_l allocat:L_o1ls.. for the- present }fe-ar (TLACT, TCACT), yield.ln_g 
I 
·the total labor· a.nd capital increases (LDACT, CDACT). Adding t·hese 
factors gives t·he increase. in the aggr.egate budget (TDACT), which is 
available to achieye t.he ::in.creased ,output. levels of the product lines· 
in the firm. 
The. initial distribution of this budget increase among the 
. . 
• 
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var:i.o~s :p_roduct :li·nes ·_is· depicted in. Figure 12:-. . Each product line is 
,a11oca,ted a -p·ortion of the budget increase ·e·qual to the percentage of' 
the tota:l value added output attribut·able to :it-. These proportions 
..• 
~re: shown as INCRl, INCR2, and ·rNCR3 :in the illu~tration. A prede-· 
termined percentage (PERCENT.) or·· e.-a.c.h product.- line budget incre~s.e is-
added to th~- appropriat·e -labor a11·ocati.on· of t:p.e previous ye·:ax (LJl ,: 
corre-sp.ond.ing -de·fiat9:r· va,J.'ll¢ {LDEFJ). A. proposed ~ab9r ~llocation 
by· ,s~u-mmi·ng· the irrd.ividuai labor p.r_oposals ., To- perµri.t- the conside.r~a--
t·i.on: of, iabqr .allocat.ions b_.oth lar.g_er a.nq sma..ller ·than those o·f the· 
~ 
-i.s either· a;·dded to, .or sub.t,ra~ted- from, the previous year•·s l~bor: al~ 
·con~idered. 
Given the· pro·quet :1.lne: :laoo·r aJ..l.oc·at·i,ons :arid know~n:g the output 
4esired fo_r e-~Gh produ_ct- .l·ine:, t,he ··cap_i_tal _required to .achietve each 
·/ level of out:pu.t is- found by direct substitution of thes¢ val11es: ,and 
the appropria~e :·par_t3.JD.eters (a, b, a, and ~). ipto-.. eciuat:ion (8) . Th·is 
process is illupt_rated in Figure 13. -B~t'or~ substitution into equa-
tion ( 8) is p.os·s·ib-le, the labor allocations (NLACTl, 2, 3) must be 
adjusted to constant dollars (NEWLl, 2, 3) usi~g th·e appropriate 
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·.detl:~to:r :(LDEI'"' ):_. E~~h, of the.se: ~lioeation-~: i.s r~:t~ea. .. to the power of 
its corre·spon·ding elastic·ity (ALPHAl, 2, :3).,- r·esulting in NEWLABl, 
NEWLAB2, and NEWLAB3. Substituting in the appropriate value, added 
and neutral technology terms {VALtJEl, ETERMl, etc.) t3.Il..O.: ;.f;;Qlving yields 
NEWCAPl, NEWCAP2,_ and NEWCAP3. Taking the P root of· ea.c:.h of these 
values _gives ··hh~. requ.ired capi·tal allocations, in c:o:trstant. dollars, 
:ile.ces·s.ary t·o· ·~chi·e.v~: the output desired for eac-h ·product .line (NEWCl, 
'2, 3). -, By using· t·he .appropr:iate defla.tor (CDEF) these allocations 
are adjusted to ·ctj.rr.e·nt: -d·a11·a.r':vaiue.s: (NCACTl.; 2,: ·g) :whi.:eh :are ·then 
summed to dete.rn1ine ·t:h.e .ag.gregate c,~pitai. aU:oo?-tion ~eg_11i_r:eo., _( TNCAC,'r.'). 
. . .. . - . . . 
·:.In .Figure 1:h, se.vera.1 .. :comparisons :are made. From. t.he propo:sed 
,l~l;>o~. a,ll(Jcat-:Lons det~rmined in Fig-ctre 12 ·a.hd the· a·ccdmpanying capital. 
a.llocati_ons found to be nec:es·$_a,ry in :Figur~ .l3:·_,·. tlie tot~. funds:· re-
. . · . 
. . 
(.NBPDl,. 2, 3:) Mel ·tnen .~~lmmed to de .. :tine. ·tll.~ .~ggregate funds neede~l 
( .. · ... '. ·.,' .·· .. ·.)· 
. _TNBUD.· • Comparisons are made with the act·ua.l expenses in:c·urred on . 
a proc1\lct fin~ ·bast:i; (BUDACTl, 2·, 3), an :aggregate basis (TBlJDAC'r), 
. 
and .a t_otal _lab.or :(_TNLACT vs.. TLACT) anoi capital ( TNCACT vs .. !'.· :TCIJ\:CT) 
.b·., ·.······•· ·, 
.as.is:. ·The 'tt::>ta1 .labor, c:apital, and :aggre:gat·e- comparisons made in 
allocation.s were formed by adding the s~e percentage. of· the appro-
priate budget increase to the c9rrespondi~g labor allocations of the 
previous ye~r. By manual.ly grouping product line allocations, each 
determined at· :different values ot PERCENT, many · other aggregate bud-
,. 
·get proposals 'Can be made on which these comparisons can. be performed. 
·• ·• 
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For this :reason tl:le pr.odu.et .line· budget:- comparisons are Of more· 
interest , since they define the product line allocation,s which. meet. 
·the indiviq.ual budget conJ:;trai.nts .. , a.n·a suggest whi·ch of the ·vari.ou.E( · 
-~ .. 
I 
product :Line. allocati.on.s. to. ·group in. forming an aggregate budg¢:t, 
proposal. 
. ; 
.:Locat.ionp {NC:Sl, 2;, :3.} ·and the actual _input costs .i:hcilrrEtd (est, 2::, 3J:, 
. ...:... ·~ ;_ -- . ..,;;.' :..,--·.· 
Els. :illustrat.ed .. in: F_igu.re 15. The t.otal :i.npµt C·Of3ts ot the· ·pr.op.C>sed 
_.and actual. :aggteg~t·e a·lJ.o.o·.~tion p·lans ('l'NCS;,: :T.C:SJ are f'oUlld by .s11DiJ;rl111g. 
. . . .• . . . 
. 
- ' 
-
c·osts:: of the· proposed. and actual aJ1:· .. oca.t:Lon$· .yields those_ -lab.or -and 
" . 
·.capital mi.xes whi¢h sati.sfy the .. re:spect·ive cost _constraints. When ·such 
. . ,.• .• .: . , ... ' . .-
aa;i allq:c~tion .l:tls·.o sa.t·i_sfies ·the· budget. constrain:t id(=nt.i.fied iii' 
.lo·cate.d:. 
labor :and capital an·d :mipi~u.m. i:IlP~t cost figures are: determineg. for 
.~ac~· ptqcluct. li-ne output: level- .des·igrta.ted. The -e·quations used. in. 
:obje.c'tive_. Therefore,:, .. :it· can.not be_ :guaranteed that the. tunas neces-
sary to achieve the ·de·s·it·ed .output at: ·mi·n:i.Iiitiin ir.ip-µ.t cost will be 
available for a]] ocati·on due to the .~ggregate budget C'Onstrain.t im-
posed on the system.. The resulting figures, however, should be 
he1pf'ul in suggesting possible tradeoffs between product lines whi.ch 
would reduce the _aggr_egate input ·cost while staying within the con-
fines of the total budget available • 
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:CHAPT-Ell v· 
·SIMULATION RESULTS: AND: ANALYSIS .·.· .. " . .. . . . . . . . . ·- .. . : - ·• ~ 
Description o·f S_itt1ula.tion. Input .and .. Output -D.a.ta 
made to -achi-eve· those: levels: of 01,1tput:., 'O.Ver ·a.. thirteen year period. 
All data was scaled. by a fgctor to pr.e.serve conf±a·entiali ty. .'l'o 
adjust the .:Lab.o.r· an.d.- ca.p·ital ·fiJ~ttres ·rr·om consta.t1t to: c-urrent do.liar 
~ .. 
values th:e :appr·opri:at·e· deflatof ~- we._r-f= ,provided-. AI·so or· imp·ortap;_ce_ 
were. the p·roduc.-b:toI1 fu11ct::i.J)r1_s f':or .e:a,c:h :·or ·'the :thr$¢: pr.9¢!11ct lin.es 
. ,. -. 
,c~pital input: factors-. All o:f thi.s info~tion .is re.adily idept.ifi.~d 
-in a listir.tg O'f tbe JJY.1fAlv1Q: :.-mo.del contained. in the App~nd.:Lx E o.f thi.s 
·The output ·.included .·a st=rie$. o.f· p_rpposed labor and c_apit-~ al~ 
locat:i.on:s: (i:r:t_ ·ow.rent .dollars) :whi:ch would. theoretic·a.lJ..y pro:du.ce the-
annual .. output level :s:peci:fiecl f'or: ea.ell produc.t ·line. The sum- of· 
each labor and capital .mi_x. r.~sultecl in :a _propo-s:ed budget which was 
then compared with t'.Qe imp.o·s>_e:d budget constr1;3,_i!'.lt· (actual ftmds ex-
pended in ·current dolla,r·s:}. Similarly, the .cost of each proposed 
labor and capital Ini~ was calculated and compared with the appropri-
. . 
ate input .cost con·straint. Optimal labor and capital allocations 
and the cost of the optimal input mix were determined to establish 
. the optimal budget and minimum possible cost which could be expected 
· to be realized given sufficient funds were available. The output 
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Synopsis of the ,Modeling Approach 
·~ Starting with 1960, the model dete,rntlne:d the increase in t,h~' . 
aggregate budget: :from that of the, ·p:revio.us· ,year (19.59, the first. :year 
for which data w~s:a available}, ~J1- 4i:striout.ea· it among the ·prt>.duct: 
line:s in proporti·on to ·the_ir contribution t.o the total output required. 
, .... , .. ,The ·annual budge.t incre.as:e ··was d·etJ~rinined fo.r ·· each. sub-sequent year 
ner,.. ·working .o:r1 an .. annual b.a.~ii·s.,. various· labor allocati·ons were made 
base:d bn the, previo1.1s year'' s labor a.l1oca.t.ion and the increase in the· 
. budget attr·ibuted to each. product J..i.ne. .. F.or e'ach :1abor ·a1.1ocat:ton . . . . .. -
. ,'... . ... , . . ,' 
and tpen added to· the lab.or figure to g!·ve. ·a pr:op.osed ·biid.get .• 
.. 
. . . 
-
The 
.. ~ . 
posed agg:regate pu/lge.t !. Sin.ce :e:a.ch of tpe p_rodu.:c·t .. -1:in·e labor alloc:a~ 
tions .contain.ea. .i.ri this aggre.gate .. pu~dge·t ·was determined by adqi;ng t:e> 
the pr~vi:ous :year' ·s, labor. a.lloc.ation. t-he same percentage of thei-r 
respecti v~·, budget in.creas.es, the ·aggregate budget was said to be at· 
the sa,me labor allocat::i,on .·J.,ev:eJ~ .. :~.s. tne product line budge.·ts·.. For 
\o: 
. 
example., if a prodµct ii·ne :has -a. labor ·allocat-!:on·-level- of .~erq, 
its: labor allocati·on 1·s_ identi:cal in: total dollars. ·t·b' that :of the: . . . . .... · . . . : ' . . . . . -.. -.. . .- .. , ,. -
' 
. ; .• 
• • previous year. A 1a.bor· allocation level of· 1.-,0 .i·ndicates that the . . . . .. . . . . ' ., - . 
. .. .. . . 
labor allocation ·:tor a product line is equal to. t:hat of. the previous 
year plus all (100%) of ·the budget -increase attributable to it. 
Similarly, if the labor ·allocation for a product line is equal to 
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it.s labor allqc~t:d..;on,... for .. the .previ.ous ye:ar· ·minus .all . ·of i t·s :budget 
·' increase for· the present year, the :proq.uc·t line has a. labor alloca-
.. 
:ti·on le.ve1 of -1. O. On the graphs shown in Figures 16 through 19 the 
labor allocation l.evel serves only as a point· of rE:ff.e·r~n.¢e rE;l.ating· 
location of· the· previo11J3, y~ctr. 
pth~:r- proposed budget:s were. forme_d b·y :selecting one· 01:· Jnor.e pro~ 
duct :line. budget·.s ·front a diff_erent· laq9r: ·al.locatj,.Qn level. The .only 
·'pudgets .cons.iq.~r.e-4 ~s pq_s:s_:Lbl.e ·c~.d:L.date:s· .f.or pr.oduci.n.g the same: 
·~ 
sati.s·fied t.he annual aggregat:e bud:get co~_f3t:raint· •.: Alt·hough :s·ome .of 
the.se aggreg;ate. budgets ·als.o· .satisfied .each, d·orrespond·ing .P:roduGt 
.. 
. . . 
:llne.· ·budg~t :con.~t.raint., it:· w.a.-s :not c·onsidered necessary that t·his 
~~ 
. . . 
-condition. be: met as: 1:on,g· as the c1;gITT9-egate budget const.ra.int was· 
satisfied. 
Four A.pproache:s: t:o Budget Allbcati:on 
In this investigation four different .. appr.oacheti to ·nudg!:?t.: :tii~ 
location: were: ,considered. They are li•sted 'beiow .:in the :order t.hey 
were stud-ie_d ·: 
:.,: ... 
··· (1.) R~·stri..ct_ -~.Jl .product· ·11ne, budgets_: ·to· 
this approach only the aggregate bud-
get co:p.straint was imposed. Individual 
pro~uct line budgets, while required to 
.. 
be at the ·same labor allocation level, 
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; . -,, ··,,' ' 
···~: 'tf•.,...,..,.,.,,., ...... ~·:' 
• 
: ' :, ._. -~, . 
. . ' 
··-.·- . /· .. ' ~ 
-:·c·2·· ) ..... :: 
. . 
:were· ·a11owed to exc-eed. tbei:t- respect:i ve 
oud:get constraints. 
Impose all pro:duct. line ·budget con-
-.r-~ 
-f'U.Ilds.- woul.d-. ·b·e aJ lo·ca.ted :as one of· :the 
produc·t- lines· :COuld conceivably hav~ 
set by its ·budget ·constraint .• 
.(3) R'emove: .qne ._product line bud-ge:t con~-
·. strai::r1t, while :all -other const·raints· 
.remai.n fn. "f'c:,:rce. 'J'his approacn v~.s 
c·ons!-dered only· when one product line: 
·.a. product l.i;ne budget .constraint. coµJ.d. 
·not ·.have been removed -without ·the :re-
. . • .. - .. · .· .. ' ... -· ··, . - . . 
.. 
. 
sillt-i:ng _aggr_egate budget viola.ting its-
constraint. The constraint remove·d. 
· ·correspon_ded to ~the product li-ne which 
yie_lded t'he· most reduction :ii1, its input 
cost for the amount of fun:ds: left un-
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-.. 
alloc.:ated i.n :(2-.} .. 
.. {4) .All·ow :·non--:c>ptimal product line·· bu_dge:t, 
. ·. 
allocat-i ons • While tbf.s -~pp:roaeb would. 
seem to imply that at· leas,t one. _prod.µc~ 
line bu_dget must ·be at. -~its: opt·iiµ~ l~vel ,. 
this .. i·s not ne.ces ... sarily t·:rue. The behavi.t>r 
· .de:scribe•.d :be.loi.t w-ould ·be .exnib.it:ed-·.eve:Ii. . . . - . ' ' . ' 
. . ' . . . ' . . . . - . . . . . 
. . . 
i··dea. w-as- to: decre·ase ¢11e: or· .more: p:rodu·ct 
funds qptained :in this manner to .one o.r 
-result·e·a "in an incre:a$e: itl ·th·e i"nput costs 
.of· ·the a.lloc:ation·s t.o the .proq.uct lines: 
wh.0$.e· bu_dget·s :we·re re q.ucf::.<i, and a. -decre:ase 
·in ·the input c.qErt$: t.o the: J?ro.duG.t: lines:. 
.:occ.11rre-d if a: ·net .reducti--on· 1·.n· the tot-al 
'input :cqs.t: w~s .realized· . 
I $eve.tgl. dif'i'e·r~nt pr.qp.os·:_e.d:. product- ]:.ine and _a_ggr~gate b11:dgets 
were fouri.d \l.Si_:C1.g·: ·the .above .appro.:aclles:. A review of' the· results ob-. 
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Approach 1:~ Restrict Product Line Budgets to the Same Labor 
Allocation Level 
Of a,11 the aggregate budget~ at.- t.lle_ sa.me labor :·alloc·ation level 
which sat:fs·fied the agwe-gate l)ud·get c.-onstraiiJt _, tp~: ():t1e having the 
lowest . .-.·input :00:st.1 w.as sele·ct.ed as: the. p~qpq_s:~'q.; :budget-. tor that year. 
:1:9.60 .as shown in. Figure 16. The f'.irst: p"i .. op·osed budget ~locati_ori: 
-location leve.ls· a.i·s:o µre~t ·the· bud.·get: con.st':t•a:t:p.t·.;- t.:~e- one· ,at :L-.~,A •. L., .o _1t·7 
.'~ 
which. f'orm this· aggr¢ga.te bu_dget-~ one refe:rs ·to· L,.:_A.L • . b. 7 on F1tgures 
'17, 18,. ap.:d J-9.· ·Tn.u.s., :for· product line· 'l ·the proposed :bud_get ·is 
,. 
output at les,s.. inJ>ut :¢o~t- wi:bh :a prop:osed budget wh~cl:l, e.Jece_eds the 
OP.c·e t·he ·lab.or· ·allot!ati:c>p: l_e-vel whicl1 yielded the lowest input 
· cost within. t·he· 1-i:m.it·s: imposed by the aggr_egate budget constraint was 
located, the ··e~~ct l>udg·et. and ·input cost values for t:he output vari-
ables appearing on the graphs were found in a tabular display. In 
cases where the graphical determination showed several labor alloca-
tion levels as·possible solutions, the tabular output was used to 
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• 
·had the lowest input cost,. :The -~Jea·ct figures for 1960, giving the 
best aggr·eg~te budget allocat·i,on obtainable with t·hi·s approach, ·ate 
given below. 
L.A.L. 
·pL1 0.7 
PL2 :0: •. 7 
PLL3': O:.:':f 
.AGG (). 7 
Labor 
88 • 52 
.14_3 .• 07 
:67. 08 
298 • 67 
Capital 
43;.03· 
.209.48 
11:6.53·· 
:~_69.p3 
Budget 
l31.55 
352 .•. 5:5 
18_3·.60 
:6.'67. 70 
Input Cost 
99.28 
195.44 
96.21 
39.0.,93 
not mean that th:e. s:.anie· percentage of ea._ch, b.ud-get .i:~ al].;oca-te·d. to .labor .... 
locati:on. of- tl:Le :pI'evious ye.ar·. 
:~ :¢9:rnpar,ing the :.proposed, "budgets :and their c.o~re:sponding ·input 
costs, ·to the actuat 'bµclgets and the: inJ?·ut· co:sts inc:urred (s-ee 'rabl·e .. 5· 
• 
111 Appendix B), it W(:t:S discovered ~hat the propo:s.ed budget~· for p_r.o~ 
. ~ .·. 
product line, .3 achieved. its- output. levei for less input· cost.: The 
aggregation of ·"the:s.e: fi:gures,.,. n_e-vertheless, produced :an aggregate 
._I. 
budget which sa,tisf·ied :bot.il. :_its budget and input :cost constraints. 
.,. 
This type of' product ,lin·e. constraint violation was allowed, and was typi-
cal of the results yie.lded by this approach. A s1.1mmary of the pro-, 
posed budgets obtained for each year in the study is given in Table 6 
of Appendix B. 
• 
,, 
. .. 
·.· 
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.Approach 2: Impose All Product Line Budget Constraints 
Ill.-stead of defining the aggregate budget at a specific I,i • .A,~t, •. , a. 
-second approach formed the :aggregate budget from._ p;roposed product line 
budgets, each· at the L"A •. L •.. where the· respective. product line pro-
duced its ·r.equ:l.red output: ·for tJ;ie :Le~st input· ·cost wh!ile satisfying 
its :c.orr-es:p:on:dihg buq.get. -c:onstraint. Thi.s approach. guaranteed that 
. the aggre.ga.te. bud:g~t· c:onst.raint was: sat:isfied since each product li..ne 
This condition was :nieiit:ioned earlier .in .. - ' .. ' ,, - . . ' . . . 
. . -.. . '.' ... 
.. 
·st·raints t-o be·· sat:is:f'ied.-- .· .• ', . 
. .. • . . . . 
Referring· onc.e again to the product line :g:r~pns· .in -Fi~gures·: 17, 
18, and. 19-; the L.~.A."L.. at whi:ch J>rodti._c-t line. l sati·s:fies :its l>udget. 
constraint and achieveis it.s 1_9.west -input: c·ost i:s: foM4. to lle s.ome-
lowe:s.t inp-µt cos·t level ·was: found. to b·e at t:.A.t. 0.3. Product line 
:2 ·~_a..t!sfi.e.s. the. 'nece~sacy c;rite-ri.a at L.A.:L .. b •. 1~ while a tabular 
search was :he.e·ded t.o verify ·that 1.:_3 ifl the: appropriate L.A.L. for 
product :1i11<; 3:! :.The e-xac.t p11dget· all.ocat·ibn fi·gt.µ'e-s for -.l9-60. ob~ 
tained 1.1s::l.ng 'this app;r:oac-h are given below-• 
. 
L.A.L. Labor Capital Budget Input Cost 
PLl 0.3 77.01 75.20 152.21 95.80 
... '' ~ . 
PL2 0.7 143.07 209.50 352.57 . 195.40 
PL3 1.3 85.56 81..00 166.56 105.81 
,H 
305.64 671.34 AGG ·:':. 365.70 397.01 
' . 
19 
• 
.: l.• ... -----~1 
,· 
·When the:se figuies were· conip·~e·<;i to. :th.e. a..ctual budgets and the : . . .. : .. ·· . - . . .... 
input co.sts· incurred, as recorded :in Table 5 of Appendix B, it was 
found t:hat only product line 1 .achieved .. ;i.t·s output le·vel at less in-
put cost. While all of the budget constraints 'tv'ere met, the resuJ.t··irtg 
" aggregate input cost a.C!tulllly increase·a s·11g:l1t:iy. For most of: 't,h~ 
years in ·tlle· s:tucly th.e tt:>tal input cqst was re·duced, altµqugh tb.e 
_By c.omparing the .pr:opose.d _product ·1~_n€= cl.l1d. ::a:ggre,gate: :b~dg~t- al~-
lot!ations :r-e.corded in Table ·7 with the: act:ua.1 ftinds spent (s.ee :-Table. 5 
-Q.f. -Append.ix B.)., ·it ·be·ca.m~. c;tpp~rent ·that th~ s·econd: a.ppro.a.ch ·1ert ·a; . . . . . . ·. .. 
The·se- "·exces:s_._,u funds:-
.. - ... ·. ' 
ttot: a:1i. sp:ent;, .it was .h.yp:otJ1~~i.µe·o. that, ·addi tio11~J._ ·input cos.t saving_$. 
~ c.ould b.e reaJ.i·ze:d J;>y all:<~~at.i:rig.: th:e ·''.¢.tq~:ss·" funds; to one of tbe, 
product li1;1es, a.ll:Owing the, se1ect:~<i" l_ine to exce:e4. its budget con-.. 
straint wbil~:, i:rnp:osing tll~ ·b11dget constraints on: the remaining twq: 
lines. 
Product line· 1. was eliminate'd ~s a recipient of the "excess" 
funds since. it ·was: :alr¢ady at tbe ·minimum input cost level. Any 
adjustment t.o it·$. proposed ·budget allocation could only increase the· . 
· ·ao 
·'' 
• 
.. 
I 
,II, 
cost of the input mix. Both product line:s 2 :.and 3 offered input cost 
savings with increased budget allocations. However, for the amount 
of "excess" funds available, product line 2 consistently yielded in-
put cost savings much lower than those possible with product line· 3.: 
These _results were suggested by the product line budget allocation ·· 
graphs (examples a.re Figures 17 ,: l8, and 19) and were ··verified. by ~-
··s·tudy ···o:r ··the ·tabulate:~ q~tI?11t :' from which the exact: ·rigures were 
taken. The new propo.sed labor and capital a~JJ.oq:~t-:ton$,.: the· ·resulti11g_. 
budget propc~s:al, and t:he· ip;put .-cost f.or produ·ct: line 3 .are given 
below for 19·6tl~ The aggr~:gate: fi.guret3: res.ult1ng from this modifica.-
t.i_on ·~e :als.o :.shown .•. 
PL3 
.AGG 
. . 
.:Q .• 7 
.tabor 
-67.~:08 
. 287 •. 16 
. ll6. 53 
·401.23. 
Budget 
183.60. 
688.38 
Input Cost . 
96.2.0. 
3_87.40 . 
As can be· y~r.i:fied by consulting :Table 5· of _App.en,.di.x: ·.:e.,:. the _aggregate 
·b11dget. ·¢on:straint was sat_i$.f\ted. and, tne ·fn-put C:ost wa~ significan.t.iy·· ·· 
reduced to a: .leve=l- b:e1·ow, tha.t at:ftUally incurred. Using this &pp:roa.c:h-
./ 
th~ t.ot~l. input: co:st-s were redµce-d for, each. year :in the study without 
exceedin_g the ag_gr·e:gate budget c.on$t.raints ... : The new proposed budget 
and input cost. figur.ep for trre :entire period are given in Table 8 ··O:f' 
Appendix B:. 
Approach 4: Allow Non-Optimal Product Line Budget Allocations 
The last budget allocation approach considered removed aJ 1 pro-
duct line budget constraints, imposi.ng only the _aggr_egate budget 
constraint. This differed from the ,first approach discussed in that 
81 
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alJ product line ·alloc·a,tions were not required to be ·at- the same labor 
a.J location level. The only way this approach could achieve cost 
savings greater than tho.se made possible s·.o .far appeared to be by 
driving one product lit1e allocation no:p.-·optimal. (increasing its in-
put cost by dec-reas:ing ·±ts ·budget allocation). ·This would free funds 
which could b~ ~llocELted to a product. line not- :currently at its opti-
:'.tnal ·posit.ion. · Moving_ 'it c·10.ser tq it-s optiin.al budget would: insure a 
reduction i·n t·he •co.st qf itf> res-ulting input ntl;x:f l-f th-is reduction 
:, 
duct -line: bu&g~t. a11o·cat·:iop. :rJp:n_-opt.i::rna.l, the ··resillt.:in-g aggregate 
·Only product· line l occ.upied :its :O:Pti:mal.: budget allocat:-f-on J>6si~ 
·be verified. b_y ¢6mpar~±ng th.e .optimal pr.od.µct: ·i±ne budget: allo.c-ations 
Vi·ewing_ t:he graphs. pe:rt·ai.ning. t.o pr_oduct- _ line 1 :budget: :allooat·ions 
(see ·Figure ;L7 a.nd Appendix: F o·f t:his :report) and study:tn,g_ tli.~ cro:rre---. 
. . . 
' .. 
the budget-. allt>cfat'io~- to product .l·i.ne ·1 coti.lc,l b.e·. ·~·i_gni.fica.ritly re-
. . -=~:.-
duced at a ~ela;:t,iye]~y s.mall inc:re:ase ·in input cos.t. It. had to be .. 
:·. 
determined which ·of the reD1~i..11ing pro·duc-t :line-s: could :p;romise the: ~ 
. 
. 
greater de·creas.e· in :LnJ?ut cost Tor a fixE=d. increase in its budget 
aJ 1 ocation. The :opti.on ·was left open to aJ J ow more than one product 
line · budget to be decreased, or the distribution of the funds re.-
linquish~d by product line 1 to_ go to both of the remaining product 
. I 
I 
' i 
i 
- I 
I 
I 
I 
I 
I 
!· 
1: 
1· 
• 
,i ·1:tnes. The method resulting in the least aggregate input cost while 
still satisfying the aggregate budget constraint was sought. 
In most cases it was found that a decrease in the budget for 
product line 1, when assigned to product l-i~¢ -3, yielded additional 
input cost savings·. Different reductionf,3 in. the budget for product 
line 1, correspop;di_r1g to those realized .at various labor allocation 
. levels, were .added to the _proposed ·budget: .for ;product line 3 as :de .. 
termined in the previous appro·ach (see Table 8). The. ag~eg~te i·nput· 
cost resulting from. thi_s: t.r.ade:off was·: reduced as much :as: poers-ible. in 
every year except 19·62,. 1967 ,: ·and :L,970.. In 1962 the lowest _aggregate 
··i:p.put cos·-t was. r.ealiz~d l:;>y :re·clucing ·t:he propos.ed budgets of ooth 
]>.rbdtict 'lines: l ®.d· 2 and. al_locating·;th·e ftµ}d.$ freed in thi·s :ma.nne·r 
-to: pr.oguc:t line· ·3. In 1967 rib fµrtlle~ reducti·on· in. input ,cost w-~9 
·•·. 
found -~e.o be p.ossible. In: each ·o.f t·he· po-s-sib.le ·t-rad~offs- c.:<>n·s-a~.dere.·a, 
.cre·ased i:nput co·s·t inc:'litred Qil. the. ·ot.he_r·. The minimum aggr_egate i_nput 
c·ost was achieved in 1970 ·by decrea.:si.ng the pr.op·osed budgets of b.oth 
.. 
product lin_e~. l and ;3, w±t·h pro:du,ct line :2 absorbing the .relinguish:~d ~ 
funds. 
I: 
are given be:l·ow.. · .A ·reduction in tlle- tot~ in.put· c··ost is evidenced 
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L.A.L. Labor Capital Budget Input Cost 
PLl o.4 79.89 64.90 144.79 96.11 
PL2 0.7 143.03 209.48 352 •. 55 195.40 
PL3 o.6 64.oo 125.00 189.00· 95.25. 
AGG 286jt96 399.38 6··a(5:. 34 386.76 
·.A ~11mma.ry o.f the ·propos.ed budget. ailoca.t .. ions. r'es·ultin-g· :Crom this ap-
Pr:o.ach· is .. g:ivert ·in Tabte 9 o.t· Append:i.x B. 
\ . ~ 
_S~m.¢ :~Li:tr·i.fica-tion should· b.e· :gi.ven for the fact that, in most 
.c~_ses, the- p:topo.sed aggregate budget:s ~r~ so:rnewhat less than the 
corres_ponding. aggregate budget· constr·aints.: Although budget allo·cJi~ 
t·ions: weI'e permitted to .cons.ume all o·r the fu.nds available up t·o th~ 
·-
constraints:- cou.1:<l µq~ oe. eliminate:d. · Goir1g ·to t,h~· .·nex.t, .. appropri·ate: 
tabulated val'lle tn, an e.ffort -to imprcive· e:.:tther Jt p·r.oduc.t line• or 
~-
. 
straint- bet:n:g .exc.·eeded. 
Analysis of the Approaches Considered an:d 
·the · Input Cost Reductions Realized: 
The aggr_egat·e input cost savin-gs $.Q.hie.ye.q.. with: e:ac:h. at ~he .four 
approaches considered are pres~nte:d in 'I'Eible· ·.1. Also i-nclµ.ded are 
the input C.OSt, ·saviri~S El.S·SOCi~ted with. t 1he -opt·fm.a1 J:)'1J.(lget ,aJ_lo'cations. 
I . 
All entries •i-n. the ta;ble were deterµrl.neg. by .subtracting ·the input 
.d 
·/ 
.. 
• 
... 
.,. 
·~al),le: l.· Possible Reduction in Total Input Costs 
(Current Dollar Values) 
Year Approach 1 Approach 2 Approach 3 Approach 4 Optimal 
1960 4.69 -1.39 8.22 8.82 10.86 
1961 3. 90 
-1962 3-:.-34 
1963 4 .• 77: 
1964 2 .• ·31 
1965 :·~12:. 9.9, 
1966.: .. 1:5 •. 61' 
1967 . lQ-.04 
1968 -40 .. 8·2 
1969 -23.82 
1970 3. 45 
1971 
-:o. 
-0. 71 
--of2a: 
·0~·52 
·o .• 26-3 
o·_ •. 05· 
·o • 5·4 
·2.:07 
o: .• 97· 
·-1. 57 
-5 • 20 
0.18 
~4.50 
5·.06 
6.ll 
·7.37 
8.23 
5 • 66 
6'-:5.:5.· 
·12.42 
10. 04 
3. 44 
.fJ .. 91 
l.5 .29,. 
98.30 
.. : 
7. 56 
8 •. 97 
a ..:.,·2 
9..:'8_6: 
10: •. 6:a 
e .. 30 
12.42·· 
.. 
10~2.2 
6.06 
14. 63 
16.20 .. 
12-2.·1a.-
. . . -. 
10. 53 
. 
04 11. 
lOi.5·7 
J..:4.42 
·17._97 
11.8:5 
14. 88 
1_3 ... ::LB· 
l3:.l2 
25::...-.,2 
26' .• 90: 
:1-.. 80. 84 
Note 1: TJ;le poss·ible :reduct-ions ip. ~nput. cost-s -show above were 
determined :from the· ip.:pu.,t c.ost.s_ -~·ve_n :in T~bles 5 ,6, 7 ,8, 
and 9 of Appendix B. 
Note 2: A n~gati ve value indicates that the input . cost of the pro-
posed b11:dget exceeded the input cost of the .actual bu:dget 
allocation by· the amount sho-wn. 
Note 3: The "Optimal." reductio:q.s in input costs. given above were 
determined without impos;i.ng bu:dget oonstraints • 
0 85 
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cost of the proposed ·aggregate budget for a given year from the actual 
input cost incurred during that year. 
The fi1·st approach discussed shows cost savings resulted in e_ight 
:of the twelve years when the aggregate budget constraint was satisfied 
by a proposed aggregate budget with all product .line budgets at the 
same labor allocation level. The .f'our prop:os·ea aggr_egate budgets 
. 'whi-l}h had ·a. :higher input cost ·than. 1:;he: a.ctual aggregate. exi>endi tures 
Altho11gb. only .ftey~P: ,of the twelve aggregate budgets proposed 
us.ing· the- secoI1d ~pp.r.oa¢h· (whe-re all product line. budget constraint:s 
:were requi.~ecl. to be. :sat·isfied) achieved :input cost savings, the 
variation· a.bove- and b~iow the actual · .. input costs ·was rather sma.11-. 
-In cho.os:ing between appr·o,aches: 1.. ·a.pd 2, the, secon~l approach we>1tLci 
probably be fa.vored due·· to tbe: .s.mal:L va.t:iati.on exhibit·e{l. 
all.oca.tions: :f$:i.v~n .. in the sec:.op;d approach _by de~,f gna.ti_ng the "e.J.Cc.ess" 
:t\lti"ds :1;ealiz:e.d in eacri _year t.o product ·11n.~ 3. :Thi.s resulted ._in 
-. . ~ .• .. . . . . . 
the rea.lizati~n .9:r .:in;put· ·c_t)st: s.a~n:gs in. every year·_,_ all of which 
•. Further input cost savings w~:r~· ac·hieved. .py the last approach, 
which allowed a product line bu.dget allocation to be d.rtven non-
optimaJ. in an effort to improve the overall input c<?st picture. 
In all years except 1967 and 1968 the p.os.sible input cost SB.vings 
increased l:>y·.no. less than six percent over _those achieved with approach 3,· 
:86:: 
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• 
,· 
., , 
.•· 
·ar1·d, ·i~ most cases substantia.J J y more. 
The input cost savings realized with approach 4 also compared 
very favorably with the optimal i·nput cost savings, obtainable only 
had ~o b~dget constraints been i!l:Posed. Table 2 shows the do~ar 
a.mount and percentage of funds required in excess of those actually 
spent which would have been necessary to achieve· the optimal input 
cost. s~vi'.ngs.·. ·.The ·percent by which. the, input cost would have been 
reduced, had these funds been availaple· .ana i.n:v.e.steo. in ·the opti·mal 
manner ( shown in Table 5 of ).\ppendi:x .B) ., is' ,alsio ·i:n.c:ludeli iIJ. t$.h'le .2 
re:aJ.i:zed with no irtc.re:ase in t_he. ~ggregat.e oudget by using approach 4. 
Only in. ,th~ yeI;rs whe,r~ the optimal budget increase required exce.e.ded 
did. :the pe,rq~pt·.age. ¢.f· -~he 9p,ti.ro.~1 -,~nput (~ost s:avings:· which were 
' ·, ·- .. .. 
. 
It. wo:ul.d appear t:hat a good appro_aq:h in ~11:oc~ting ·funds: to· 
S·everal prod.uct li:r1e,s ·wquld. "be 'to f.ir:s.t find those b~d~et p.ropopaJ$ 
graphical a.n·q._ tapuJ_e,:r· ·outp:ut :for= the: product· .lines: it slq.b~d 1;:>ecome . 
.. 
• 
:evid~nt where pos·stble co·st ·savings co-qld be.: r.eaJ.ized ·as the, p:r-oduct 
.. line budget constra.,ints·: are relaxed, w11.i1e. i·nsurin:g :t.hat: the _aggre-
gate budget constraint is always. satisfied (apprc>.'aclief? 3 and 4.:). 
,· - ... · 
. 
Having the product line production f'unctionf3 d.e·fi.ned and the inp_ut'. 
cost and budget const:r~ints or guidelines available permits . tJti:s 
' ' . j •• 
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(X) 
. Q:) 
. ' . 
~ Ji· 
·year 
1960 
1961 
1962 
lfJ63 
.1:964 
1965 
1966 
1967· 
i26·a 
1969 
1970 
1971 
Table 2.. Optimal ]3Udget .Al.loc:~ti·o.n :considerations· 
Additional Funds· Req,~i.rea.· 
' . .. 
. ( in constant d:ollars) .· 
43.13 
58.·66: 
5.3.·53. 
54.26 
82·.7·6 
.1(18·:. 40· 
7.9 •. J..,0 
.5·9.1.0 
15:9 ... :70 
t6.·5~.4:o. 
.Percent ::rncreas~ in 
Qri:gi.na.l Budget 
6.2 
··7.6 
·6(6 
.6.2: 
.a.· ... 6 .. 
:.; . 
7·.:2 
5.0· 
5!6: 
a·.1 
. - . . 
,9: •.. 5 
·a 9· . .... 
Percent Reduction 
in Input Cost 
2 .• 4 
2:.4.. 
2 .• ·2 
1.9 
2.3 
.. 
·l.:.,6. 
2 ·6· ,· :w . : 
2·.:5: 
·. Note: These ~gures wer~ determined from the ::in,form.a.tion given in Table 5 of Appendix B. 
'l 
. 
-~ , .... ,. ~ 
• s -· ..... ~-.-~: ..... _ -.~·, ·, • • - ,_-., • .,..,,; _J ___ .. _~,,_·~-~- ... .,.':···,:,,~,_:~:~;~j,,;Lzu2L--·~-~-:--~.;::--.'.:~·~+::. ;i:~~---_ - -
• 
! 
" 
• 
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type of analysis to be done. It offers the possibility of achieving 
.. 
input cost savings by using different labor and capital mixes which 
allow the same levels of output to be produced for each product line 
while staying within the established aggr_egate budgetary constraint. 
Proposed Budget Labor Allocation Considerations 
·In .general· it can be shown that as the a.mount of labor increases 
·the atnour1t gf capital ::n·ecessary to produce. ·the same output decreases, 
and· vice v.ers·~:.• '!'his.: is eviden.ced in. the proq.µction function relation-
ship [se~'- .eqs_~· :fl),_ (8::)., an.cl (9.) in :ch~pter.s III and IV] and illustrated 
in Fi_gure ·.-?:O, wti:i.c-h sh,ows: th;e .. labor· ·and capit:al .allocations forming: 
. . 
. 
va:rious proposed bu4get.s.: t.o' --meet the aggregate output demanded in ~9.60.' 
Figure :21 iliust·r.ates the fact: that, as the labor increases, th·e 
t.c.>taL :,inp.x.it cost- .f'i·rst decreases- and then incr~as~:s .tn the product:_ion .of 
:a specif:L.e:d; output· level. If :Figure :21 i-~ tead :f'rom: .right ·1to. le.ft: ·it 
becomes .evident· ·that the same be_havior-al cha.r:act·e·ri:s'tic: :is. mai1i.f'este:ii . . . ·• . . . . . . , .. -. ~ . ~ . . . .. ' . . -• 
- . . 
.- ', .. - . .·. . - ... 
as capit.~J._ inc,rease.a. :The. p.oint at :wh.ich the total ~~np:µt (!Q:s.t :is 
when s11mmed ·gefin~ ·the optimal budget.:. 
the input· tac.tors , only the labo·r: .aJ.lo.o:at:iortS: are · report:ed ::he.re. 
, · .. 
. 
given the lab·or allocation values. ~ the four b1.1clg~t _allocati·on , 
approaches considered,,- the ·proposed pro~uct ·l.ine lab~r allocations 
displayed significant varianqe from those actually ·made. The per-
centages of the proposed aggregate budgets attributed to labor, 
, 
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ho~~ver, were quite· clos·e i·n aJ.l cases to the ·actual labor allocation 
percentages. Table- 10 of .Appendix B SlJrnmarizes the labor allocation 
percentages of the proposed aggregate budgets resulting- from the four · 
approaches considered, as well as those associated with·tbe actual 
.. 
and optimal budgets, by ·y.e.-ar ~d. produc.t line. The following dis-
cussion draws: heavily frorn th·is ·t:able. 
F:i.rst .. , ·viewing the actual labor -illoc-_ati·on·s- ove"I· th·e t·weiv~ 
:Years fr.om 1960-1971, the perce:nt~.ge ·of the b·udg;et: for :Product :11ne 1 
·.a:htribut::ecl t·o labor rang!=d. fr·oin a ·1aw· Q.f· :39, a :in 1967 ·to a ·hi:$b. :o:f· 
:46. 2· in· 19-.69 .• 
. . .-. ·. . . . . . . . 
-Product- l·irte 2, expe~:ienc~~d .labor· .allocat·iop:s of from ~ 
.. 
38.,~_.pe·rcent (:196·2) to 46,.o pe.rcent (1970) ·of' :tt.-s budge.t. Labor 
a) locat·-i.on:s· for .product: line -~-.. ra.nged fro~ -4.o .•. 6 .in 196·9 to 49. 9 pe:r.-
·ce.nt ·of :Lt.$: budg~t in 1960\; Th~. J)e;r.Gent,age of the .aggregate ou·dget· 
whic,h :actua.1.ly we:rrt· tq. l~bor· 'had a: :muc.-h sma.U~r- ~a.nge-.: from 40.-6 
·oe .at ~he same .lab·or- ~;J.]__ocati-.on level, the range of t.:ne. propo·se.d 
)._abor :~ii.oca:ti.on.·s increas·e.d •. .S_i.I1Ge the individual prod:µct. J.:ine bud-
gets·: farme.d in :~ptfroac-h ::i. were ·C.onstrained i~ tpat only their sum 
was required to: sat:is·fy the aggregate b~dget constraint·, the greatest· 
degree pf variability in ·th·e ,.labor alloc:atioris was: ant-i:cipated here. 
This, in £act, did -occu;r-.. Pro.duct line· l ·1.ab.br . allocations rangecl 
from 34. 8 percent j;n 1-96'8 -t'o 72· •. 0 per:c.ent, Qf its proposed b11;dget in 
:.,... 
1970. Labor alloeati:ons- for ·product· line 2 experienced less fluctua-
. tion than was exhibited: in product line l over the years by ranging 
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from a low of 37 .• :3 in ·1963 to 47. 5 percent in 1965. . The r~ge of labor 
allocations for product line 3 were within 35·. 2 (1967) to 59. 8 percent 
' 
(1968) of its proposed budgets. Again·, the percentages of tlle :pro-
posed aggregate budgets allocated. to .labor ranged-over a markedly 
smaller interval than the i;nd:Lv.iclu~1 ·product line·s--from: 4.o. () (1967) 
to 47.4 (1965). 
·The percentages or· the:· pr-Qd;uct· ;l:ine :and aggregate budgets de-
termined in appr:·oach: .2 displ~yed ~ ·mucfh smaller variance than .approach 
1, as might: be. exp~:ct~d s.ir1c·e the prodµct :-line. budget c.q11s.t·raint:s .. ·were: 
imposed.- PI-oduct l:ine. 1 -e~eri·e:1;1.c~d.· iabor· al1ocat$ons r.angirtg :tram. 
·48.3 (1970} to: 5·0.9 p~rcent: (1963.). Thi.s ·was·. ·f.or all pract·f;ca.1. . ·. ' •... . •· 
. . . 
. . . .. ·.. 
purposes, identic~l to th.e ·qptimal i~bor allocati·on for-· :product line l 
of' .50 • . b percent: .of it.s budge~. :rn :appr:oa.ch ·2 tJ:ie opti.mal bll:dget f_o.r, 
·budget constraint :i:n -e.very· ·_yea:r .. The: ·.iab·or· allocat:i9ns .to~ _product 
line 2 ra.n.ged. :from 38 .. 4 .(1962) ·to- 48.-7 p:erce_nt, ·c19.70J.:. .Exc·ept._ for-
.one: ·allo·cation .at eacn. ·oJ! the.se. ext.remes., :alJ.. ·.other lab.or alloc·at-ions • 1 
• • • 
. 
. 
.1 
. ver·e witlii.n th·~ 40-!t.1 (1_96$) :t·o. 4?.l perc.ent. :(i969) ·range~- Product. . 
, 
line 3 exper:tLet1cea 1abo~ -alloca.t·ions c>"f .f~qm_ .42·:. 0 (1969.)" to· 4?·~9 
e:. percent (1965:.) ·, ·wf.th the ·e·xce·pt·ion: ,:of· one allocati.o~. :at 5:1. 4 percent. ··.• 
(1960). Tbe: aggregate labor allo.cat:io1ts :tor a.pp:r9a._ch 2 ranged from 
43.2 (1963) to 47.9 per·cent (l97.0).,.: ·wi"th. ~11 but. -two below the 46.o 
percent level . 
. In approach 3 only the proposed budgets for product li~e 3 were 
changed. In each case they wer·e increased to· absorb the funds avail- · ·" 
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able: but. :riot a.1.located in approach "2-, wh:ieh found product line 1 
obtaining it$ .optimal level at a point below its budget constraint 
limit. In :allocating these "excess" funds, the bud_get constraints 
. 
for product line 3 were exceeded wi ~h ·the ::net :.e.ffect of reducing the· 
input cost of the resulting product l.lne 3 and aggregate budget al-
locations for each :r-eat.. Tb~ :pe~-c-entage of the adjusted product line· 
. and aggregate ·puclgets -~llocated to labor was also reduced. The 
labor alloc.ati.ons to p·ro:duct:. litre: _3 repr.esented from: 30 •. :5, (19·6·8·} t:o 
41. 7 perc,ent (~9:65) o·:r· $t$: budget. The :J)ercentag~ of t-n~ aggr;egate 
budget labor aJ.:l:oc:.~t,io.nJ3.- range:d :from 3·9.6 ·{;196-7) to :44.5 p.erc.ent (19'7"0') .• 
-A.ddi tiona.l input cost: -sav:i.r1g$· ·we-re: :achieve:d in apfttoac-:h. :4_ 1>y 
relaxing: a.] l produc-t- :I.ip.e bµ;clget const·raint·s., .imposing qnly the aggre--
gate budget con_strai,nt ,. :and allowing the input co$t of one. or :more 
port-ion- of .it~s ·b:11dget- going: to lab:or ·increased by· ·1.7 ··to 8.6 p·e;r-
centage poi.nts, ranging front :5·:0 •. 8 (196:7,. ·.ri_q Ghange) ·t·o 59. 0 PEfr.cent 
(1964). ['he labor allocations :a,n.q.. pug.gets _f'o,r pr-o.duct line 2_: re~ 
.. 
mained es.::sentially the: $a.:me as..: th:ose det.e·rttdned. in approach. 2:_. In· 
-.. 
• 1964 the labor ·alJ..ocation wa.s yery .low: at 25·. 6 'percent. All other 
percentages ranged from 40.l (1963) to 4:5_ •. 1. (19.69). Product line .3 
experienced increase:d :b11:d_gets and decrea~ed labor alloca.tion-s in· all 
but two instances over those· determi-ned in approach 3 •. · In 1967 there 
was no ch:ange, and in 197()_ the proportion of the proposed product 
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line budget going to labor increased from 33. 0 to 37.:4 ··:percent. The 
effective range exhibited was 29.5 (1968) to 37.4 ·pe·r.cent (1970) with 
nine values falling in the interval 31.:.6. to 33.9. .Aggregate la1>or ~1.-··, 
locations ranged ·from 39. 6 (1967) to 4.4 .1 p~rcerit (1969, 1970) ~ 
The optimal aggregate budgets as determined ,·from equations· .f.5) 
and ( 6) of Chapter III always exceeded the aggregate budget co:n,.s·t,:rainJ;.; 
a.ltho~gb the budget constraint imposed. on product 1ine :J,_ .was c,onsi.s~ 
t.ent:ly satisf·ied. The: 9ptimai ·· .P~r.centage: of funds allocate.d ·to lab-.cjr 
.con:st.ant: ·at 50.·0, 36 .. ·4, ·and 27 •. 2 11erce.trt, re:$p~ott.ve:J_y. The optimal . 
. . 
a.lloc.a.tions., ·o,f c;ow~e, as.s.umed n.,p limit: on tJ1e amount of funds 
E.LY~ilabl.E? to produce ·the output ·demand.e.d. · ·The: only objective was' 
-
t.o minimi:z·e 'total input co.s:t.,. The propor4ion pf the. optimal ~ggre--.. 
' . . ~ . 
. 
.gate. Q~.dg~t a·J.l,o:c.~te:q. t:o l~b·or· .:;ranged.: from 35 •. ·1 {1.9 .. 64.) ·to 3:7 •. 3. ·pe:rce,nt, 
.. • 
. -
· .. 
··tion. percentage: rariges tor· the four- approaches: .con.sidered, as well ·a·s 
Consi.der·ir1g the aggr·e·gat•e :pict·u:re, the ac.t:1.1.al labor allpoation:s 
aha.: those p·l'·Op.ose:d' i:n ·appr.6aches 3 ·~d 4 consumed Very close to· the: 
. . : ... . : . . . .· 
' 
sa.me percentage: ·o.f ·t.he ·budget (l·ow to mid 40'.s.).. ·Approach 1 r~!:secl 
the upper· limit on the range by approximat~~y t~~e percentag~ points , 
while appr~acli. 2: rai~ed the .ent:ire range by about the same· a.mount. 
The optimal range, wh~ch requ:i,red more funds, was five to ten per- . 
centage points lower than the actual. 
For product line 1· the actual labor percent.age allocations were 
"· 
''Ii' • 
---~~---. -. , . ....,,..--. 
____________ , ______ , _______________ , ____ , ___ , __ 
,· 
. 
.t Actual 
Approach 1 
Appro·ach 2 
Approach 3 
Approach 4 
Optima.] 
-· 
Table 3. Proposed Budgets--Range' ·of L~bo,r Alloe,ati·on Percentage~ 
Product Line 1 
Low High 
39.0 46.2 
:34 •• ~: 7?-0 
:4.8,: 3. 50 •. 9:: 
5.0 •• e: 5::,9.:0· 
50.0 
Product Line 2 
Low High 
38 • ,3·: 46 • o 
·.3-7· .• :3. 47 •. 5· 
:3a.~:4 :48:. 7 
:38· .• 4.-
'.2i5. 't$· 
·36·.~4. 
.-, 
.4.8. .• 7 
4.5 •.. 1· 
:36-.-, .4 
Pr:oduc_t.; ·rJine 3 
Low High 
40 •. 6 49. 9 
3:5_~2 59.8 
4_2- •. 0 51. 4 
3.0.5 
2·9 .• ::5 
:27(: •. :2: 
., 
41.7 
37.;4 
:.27 .• {~. 
Aggregate 
Low High 
4o. 6. 44. 7 
4o.o 47.4 
·43/2 4~ 9 
:39,'6 
:3_9._._,:·6 
3.5 .• :1 
44.5 
44.1 
~-.7_._,3. 
Note: The labor allocation ·percent_age r·anges ,s:l1ow:n· -above_ ·we:re drawn from the information.· 
contained in Table .10 of Appendix B'. 
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' ---For approaches 2, 3, 4 and the optimal solu-
tion, approxiinat~ly '.50 percent of the budget for product line 1 was 
allocated to l.abor. This suggests allocating more· O:f tlle. total fwlds 
available for :th·i_s product line- to. labor. 
·the high 30' s t.o :the .. mid ·and tipper 40.·' s, wi~h one exception. Th·e · 
'.,S;ctut:tl · allocat·i.ons. ·made ·t:o ·labor we.re ·.i_n t:he· 37~t.o 49 percent area, 
suggesting :L1tt·1e i.f any change .in the prclced.ure ·1+s:eq. to :a.J.loc~te 
duct li-ne· 2 the ·prop·ort·.:i:qp. ·aiioo.:ated t:o-: labor should :probably· n.ot.·- e;o 
. 
below' 36 •. :4 -p~rcent, the level. indicat.ed b·y t.-he cost,-optimELl -solution. 
·The proportion of t:he_: budge.t ;f'or proqu_ct li:ne 3 att·ri-buted to 
l·a..bor ~tctuany-· :ran.g~d f.ro:qf 4o to· 50: per·c:ent:. Appr:oach .. r yi.eldeµ 
for labor percent.age a.llo.c:at:i.ons usi.ng app:roac-h .. 3· dropped appr:ox:i...-
:mat.eiy .ten points., with appro·ach_ 4 4avir1g ~ff~c:t-_ively the same· range· 
exc_ept :for a decrease:: in t.he :up;pe.r bound by approximately four- pt>ints •. 
The optimal r·~s:i1.J:t._s· pr-o.vide:d a substant·fally smaller percent·age of' 
the funds budget·ea £or prt>duc:t i±n~- 3 t·o labor, with approach 4-
coming closest to· the. optim.al determinations. Overall the -res~t·s 
suggest a· _significant decre·ase (on ·the drder o·f' t·e11 percent.age points l 
in the proportion of the ·budget· :for produot _line 3 allocated to labor. 
g 
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CHAPTER vr· 
CONQL:tJDIWG REM.ARKS AND RECOl~ATIONS. FO.R FURTHER STUDY 
-Revi·ew- of Thesis Objectives 
:d.ata aya:i.lable: was used to ·de:fi;n_e th~ ·annual output -leye·ls: demanei-e:d 
str·aints.. J>rodµqtion f:unct-ion·s: were- pr:9viae.d whic:h :-repre$ented the 
production functions we.r.e _~xpli·citl.y i:n_cq:rpo_rat.:ed. 
imp.os·e.d by the :aggregat,e budget: ·c9_n.s.traint.s( .. . 
. . . ' . 
•. 
(1) Def'ine al:1 pr:-o.duct. li.t1e budgets at the· s.ame. 'labor 
allocation -level. . . . . ' . . . ' .. ·. . . . - . . . . . 
.: 
(3) Remove op.e· proq.uct_ -line :budget constr~irtt t·o. 
absorb: any funds: left unallocat_e:d in (:2-) • 
.  
(4) Allow non-optimal product 1-ine budget alloca-
tions, considering pos:sible tradeoffs between · 
product lines. 
..-
.. 
:9-8 
' ,I , 
.. .... 
, .. 
... 
While some reduction in input .cost was achieved i-n each case , 
only approacl1es 3 and 4 yielded input cost savings in every year ( see 
Table ·l ·in Chapter V). ,A brief statement of ~'h.e· tesuJ.ts given with .. 
. each -~pproach is now presented-. 
:a.mong the pro.duct 1-ine:s in prop·ort:ion ·t't> -the _per.centage of· the tot-.al 
. . 
. ; 
. 
labor allocation. was· fo1.1pd py a:.dding ·to. the _pf·evious- :y~;ar·"s l:~bor· 
. . 
. 
-
allocation,. t:he same pe.rc:entage·-· of :the bud.get .increase ·attribut.ed to . 
, . 
!)_ 
the ·pr:op-c,s.e.d _pro:d:uct, l:i.ne: budge:t. The· input co:3t.·S' .-9f the resulting· - .· . _.; 
·-
. 
aggr~.gate. b:uclge:t.-s· showed ·wide var~ati·o:n appv_e. :and be·10:w '"t:he ,act.uai 
. __:...:-..:- . 
. ~;-,. 
By :impb~:ing ctll. proqu:ct. line budget constraints., approach· ·2 
. 
approach did yi_eld t:ota.1 input c:o,st.s vet-:r. :o.lose: to: thos·e- .actua1.·1y 
realized. In e·ach year s.o;rn.e ·funcJ$: w~r.e· -1.eft unalloca.tecl d_u~- ~q the 
fact that one pr.oduct line reacl:i..ed :its optimal .le\rel. at .. a point sig-
nificantly b~low its budget co·rts:t:raint... :'nl·is a.·-ugg_est:·ed· the final 
two approaches· ·considereq.:. 
.• 
Approach 3 di.str::t't>_uted: the·se unallocat·e.d funds to· the· pr·oduct_ 
line which promised the great~r ·re_·duct·ion in. input cost·· tor· the amount, 
of "excess" funds available-.. -To ,do this, the. corre~pondipg budget 
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constraint had to be· removed·, while the other two remained in force 
' 
~long with the aggregate budget constraint. This resulted in the re-
duct·ion or· ln:put costs in each year, al:l. :of which were greater in any 
- ~ 
. . 
sivep yeEt+ 4han those obt~ined witli either of the: first two approaches. 
In approach .4, an , optimal product line· .. allocat·ion was penni tted 
·t-o _go .rfon--optim,al by reduc,ing its :prop.osed.. ·pr·oduc·t .lii:i~ bud.g~t· • While 
fre.ed fw.id_s for di:s-t.:ril)u,tion ~ong: t:r1.os.e _p:itoduct lin;es currently occu-
pying non-opt-imal budget :allocatio'i1 p:osit.io:ns:. Thi.s '·brought t}lem 
·closer: ·to the·ir optimal budget: :all.oc-·at:i.011 'J.eyel and redu<!e.d ·their 
·input costs_ .. 
achiev(=d ·with appro.ac··h 3···· ... 'r}1e total re·dµct.iop- i·n :ac·tual ·input .. costs 
·:rnad.e pos.$ib.l.e with-· approach .4. r·an·ged f.r:om: on.e ·t.o three p'ercent; .. 
. Re·su1ts: .or· t:h·is .. study 'indi:cated. that 'S.6:m~ 'adJustment·s in. the. 
tribution ·o·r·· the·se. funds ·betwe.en lab.or .ana .capitttl ·w:ith,i;n ·the· product 
line, ·would pave be~-r.1. neces.Sary. to lich:teve: tlle~.e .. i.nput c,qst savings • 
.. Tll~se budgetary modification-s are .si)roTiia.r·i,ze:d ·below· .. and in Table 4. 
P.roq.uct line 1,· .consist in~. -ot.· highlf autom~t,.ed, low-valued 
assemblies, was foµn_d to reach its opt-i~:J,. ~'Q.dget /minimum input cost 
level at . a> poi.nt -ten- to sixteen percent ·1es·s ·t·nan its ·imposed budget 
• 
constraint. Of' the- total funds allocated t.o th·i.'i::1 produc:t .J.ine , the 
results indicated that approximately f'if"ty-five percent of the b11:dget 
should .go to labor. This was .. an increase of from ten to ·.fifteen. 
,.;,. 
.• ·:: j,,...;(1'·"''"•"•: . ·····::.-'•,-·, ·,:·· 
. ' ~- .. 
• 
. ' 
.. 
labor for t·hi.s: product line. 
Product li.p_e 2 con-s.is.ts pr;i.Ill~i-~y: or· ·c,ustomer-·or:ie11te·d. :pro<:lucts , 
diverse in. :n~ture ™1.d: manufact:urt~d. to till, sJ>~.c~·a4. .. custorner: orders. 
·p:rocluct line, .or tlle p~ro-entage of ·the: budget al1oc·ate.d to. labor;- w~s. 
:_indic:a:ted .lJy. the. :resul..ts o.f: thi·s. study_ •. 
'· 
·1·:i.n~ , wi·t,h: a c_or_re:spondi.n·g reduct.i·on in -the pr.opo.rti·on of t·ptJ pll.ciget ·a1-
l.oc·at.e.d to 1-abor··. :The budget :for product, lin.e .3, wh±c.b. s·p_ec.ial·izes in-
product li-he' l. whidh were i·n excess· of tts. optimal level. Thes,e pro--
.:posed :i.ncre.-ase·$ &<:!t11a;lly· .ranged. :rrom. .s~x to four·t::e.eh p:ercent~: ·T}le'. 
proporti.on -of the, original bu·dge·t for t}~is :Prbdµqt. line a_lloc.ated t:.o: 
. ~ labor was it1 ·the. :interval or· :£"9i.9ty t~:>: fifty pe,;rc:e.nt:. Wi.tb· the: .imp·le,-
mentation of ·the f?-u;gge·~tecl budg_etary iti.c:tease.s ,: ·the labor ·a.ilo(!at.i:on. 
consumed only th.irty t.o forty percent of ·the ·.prpppsed budget .• 
. . . . . . 
Although the above mod~ficat·ign_s t.o. t·h·e prodµot line budgets and ; 
. 
I labor allocat.~q~. ·were :found to be ·bene.fici-al, no significant change ip .. 
the total amount· of tunds alloca.t.ea: to: ·:labor was indicated. Had more 
total funds been available,· the :c.ost·-opt:imal calculations suggested 
a.] locating more funds to both _product lines 2· and 3,, with a somewhat 
. ~ 
. 
smaller proportion· of· the. designated budgets 'goi:r1:8, to labor. The spe-
cific percentages involved are given in Table 4. 
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APPROACH. 4. 
· Suggested 
Bud.get 
Modification 
.. 
:e·roposed 
Labor 
Allocation 
Product Lin~ 1 decre.~e 1.0~lp:%: 50-59% 
Product Line 2· no significant 
change 
:()ri_ginal 
.Lab.or· 
Aliocat:iort ...... . 
40-50%: 
• • • • • • • - . •• • ,. • ·• .. ' T ••• • . ' I •• ' • • • 
Product Line :3- increase 6-14% .40--5.:0::% 
Aggregate no change · . 40-45% 40-45% 
·~: 
·~ 
COST-OPTIMAL 
Proposed 
Labor 
Allocation . 
50% 
36%-
35-37% 
.. 
. . 
Suggested 
Budget 
Modification 
aec·rease 5--15% 
in:crease -2-12% 
:iri-.cr:ease 17-23% 
increase 5-10% 
- _. - ' 
... · .... · · ... <- . ~- .. : _ _._.;/-~;: ~o..8c:i:: '.~~-/2i\i:~)·F,··}; ~?-=/ 
• 
• 
... 
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Conclusions 
In the vie.w of :the a.u#b:6~1t, t·ne: a,pp;r·oa.cbes to ·budget allocation 
::clescribed in this th·esi_s a.re· e-asy -t:o ·us·e· ·and understand. The tabuJ.ar 
,~ '-and graphical ·ou:tput· provided ·by DY~.AlviO made identificat.ion of the 
solutions t-o the first two appr·o,_~che.s very easy. :n£;terrnining the be.st . 
. Itj :a s.ituation ·whe:re prod.uct· li.ne bud.gEet-- c_on:s.train·t·s or· gui·g.e-,. 
:o.f· :det.ermi-nin.g tp~- lal:>or :an.d: ·c·a.pi ta1. µd.~e·s capable of! p_rodttcing :a .. . .. 
. 
.. (1) The, :cfet~:~piinati-.on or th.e prqpo·$:ed budge,t .. f.or -~.ao:h 
(:2:) . . . .. ·The. removal of ·one· :qr mor;e .budget .constra~nt _so_: 
that any -ay~:j:·la.bl_e fUitds ... left .unallocat·ed in (1) 
promise, the most re-duction .in input -costs. This 
:'8.Ss.umes. ·that .at ;least one- _prqduct _l.ine ·will ·reach. 
its optimal budget allocation/minimum ·input cos·t 
level at a point ·below its budget constraint,_ 
.. 
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(3) 
leaving some funds unu_seci .• 
0 
The reducti:on of bll:dget a:l:Lqcat:i.ons ·to· product 
lin:~:s at o:r t1e~r the_i_r optimal allocation level. 
Although_ t_his :increas.es t·he ·itip.ut .C:osts to the_ 
selected product lines·,. it, al·so frees funds 
which c.an: :be: ,~llocatca,d t.<l other ·pro.duct lines 
a.l1ocati :on posi t.·i on •. , .Th'i·s trade.off ·of funds 
. . . . . ·- .-- -· . . . .... .. 
betwe.en: product I'in~s ma.y· :re$ttl.t in. a net de~ 
cre-ase in the: ·total :i,nput c-o.s't. due to: ;re:dµ.c-
•·· 
tiotts: ·in. input- c:o.s.t exp·~:+-ten:c·e~. by tJ1e produ.c~b' 
. . . 
. . 
lin-e.s t:o· wh-ich-. the- fundts wer.e di stri'buted: •. . .- .- . - . ·.· . ' . . .•. . . . ' . .-., . . . .. . . . . . . . . . . . -
. . 
llemovin.g additional. -product li.;ne ·bµdget. c-011~-
.-
c:·o·n:straint must remain i.n. effect. . . . . ' . ' 
. . 
. . . -· . . . . .. . . . ' . .. •.. ' .. 
,,·· 
least (>n¢-: _product line_: below j_-t:s- budget: -.c·on·str~_int {i- •. e., all. avai:lable 
funds a.re .allocated}, ·it may be that no :_further .reduc.tioh in tdtal i.n:-
'Plit. ·cost is possible. Neverthel·es:s·, it would st-ill b~- advi,sable t·o re-
lax the product lirfe budget cons:traints a.nd consider possible tradeoffs 
between produc:t lines :t:c:r d:etermine whether or not some reducti.on in the 
total input cost- define:d by step {1) could be realized. 
Schlager [ 41] notes that " .•. confronti~g man_agement with a more 
profitable set of policies tested over a recent period of company 
' ' . 
' ' 
., . 
' ' ,' -f :/ 
·io4 
. ' .• 
' ' 
' ' ·1' 
'·. 
, ... 
l;l.istory can ·be- ·e,xb.·reme1y persuasive .• '' The results .of this study have 
indicated that t·ot·ai input costs :for three product lines could possibly 
have been .reduce·d fo.r each year i11 the period 1960~1971 had differen~ 
labor and .cap;i. tal. aJ lo.cations. been made • The ·same output could have 
be~:q produced without ·etGeeding the aggre_gat·e· ·fyna.s ·speci .. fi~d for labor 
and capi t:a.J. .e:JC,pe:qg;itures . Management mus:t de ci. ae· if the· possible:. re~-
wi~l be wo:rth the, .e.fforl reqµire·d· t·o ach:ieve: -it. 
Another ¢onsideration .. re:lates ·t.o the fac.t th~t ·only -th:re.e of ·tlre:: 
:bei!J.'g: pc5ssi·b·ie.- :in ~ach;- ·ye.ar,. -it: may· be th.at-,. py- ·1:n·c(1rpara.ti~.g: t·h_e: ·:re-~ 
:main.iµg_ :Produ·ct lines int.a t:hi~ moclel.._, the: re:sttlting: :i·nput cb$t. ·sa.v±;r;1~s· 
.. 
c,wp.uld -not -be· .as impressive·, or-, -perhap·s, ·even. more impresi.ive·_. 
·Extern-aJ.. cons·t,r~·.uts or .otri:Etr fact.ors ·not .cons.idered J.Di:ght- also. 
::ror some r~a.son, the speci·f:Lec} -l~bo.r ~d c.apit:al .. aJlo·cations. req.ui.;re.d. 
to achieve the ·reductions in tne ·total input .cost may not a.c:tu.ally· 
have been. feairible -~t th.at. ti·me .. ": It ... :i.s .also possible that some 
other value · for the cost per· un:j.t. o.f· 0:api'tal used in the. cost . 
. . 
equation (·4) may have been i:n.ore represent a.ti ve for c¢T-t:-a$n years. 
These axe thi!lgs which man.agement may be able t.o asc·e.rt'a.]:·n. 
What can be said is this: if the propos:e.d. product line lJil:dgets, 
as determined in approach 4 and reported i~ Table 9, had been. con-
sidered feasible by man_a~ment and actuaJ..ly made in the yea:r sp~cified, · 
and the cost per. unit of capital ~as constant at $.25 per year, then 
105 
........ ,, . 
. '.,.. . 
' • -. . ',Y-. 
····, . ·, 
,. 
,.· 
·,i 
I 
I 
: . 
the input cost s.a.vi;pg~ listed '.iJ.n:der: "Appro.a,ch 4" :in ·Table. 1 m;ight have 
been realized. ·This would- have resulted in ·a t_otal input cost re-
duction of appronm~t·e:J:y two. pe-r·cent. 
whose dete:r:rnination -i~ based oh past., hiµtq:rically accur~te data. 
thi_s study· ·w'as. ,a_,re-urate, :and_ ·th.e ·producti.on funqtions. themSelves 
.. exhibit tne _cliar-act.eri-st·i.cs ·or :a·ct .. ivity· r,e·J.a;tip:g·· to the _:re:~_:Pe.cti·ve 
prqclµ.et l:i.._n.·es:, as ,evi d~n ce a in ~ .. gure s 5· , 6 ,. 7 , an·a. ~. 
The DYI~.M4d -13imulation 18.?gµa.ge 'was fout1d ·to l)e: ea$y to ·use 
. ! 
straints :L~osed by the vari-ous a.pproaches con·side·re:d. Es-pe·c.ia.lly· 
:appr.eci_ated. was ·nYNAMO' s capability to .~truct:ure the e:quat:ion:s in. 
th.e· correct coI.IIfJUtationaJ.. ·se~uenGe·, ar1d. 'tb.' a.utomart.ic~lly detemi-ne 
the scali!}g factor·s for· t-he· t.abul.at·ea -~-d, gr_aph:ical :ou~p~t.. :~e 
rer1.m capability was als,o found t-o· 1?e. very us·efUl a11-d time~satvf!lg-. 
While the· ve.-r$i:on :o-f' DYNAMO "U$.ed. ot1 the IBM 360 was adequate 
•. 
for this invest.igation, the a11th·or s_u.ggests: oeiptaini!lg the t:i~~~sJ:1ari~1g 
.. 
·version of DYNAMO currently available if ·extensive use is to be made . 
. 
of the system. This would. greatly increase the turn-around experi-
enced and a.]J ow the user to study the output and make any necessary 
modifications to the model at the console. .Ar1..evaluation of the 
DYNAMO simulation l~~age can be found in Appendix c. 
I - ,'I , r 
.. 
I. 
' 
" Recommendations for Further Study 
0 0 
' Several areas for :f'urther study are· av:ailable. Four of them can 
be considered·· as extens·ions o .. :r this pal.9t,icular work. Others relate to 
. 
. 
-the use of .DYN'AMO in conj:,tmction with production functions tp .. obt~n 
s:~ggest·ed. solutions or r.EfcOriµnendations in various areas ·pf. concern, or 
b·a.se:d. 
. . . 
A. ·Extensions of This Work 
, .... • . . . - - - •. ·. ' .. -: .... 
. .. 
.. 
This wo.til·d -aJ] ow the-· • ' • .i • • • • • • - • : ~: •• _. : ' • • • • ' • :. • • 
·inte_raction:-s. betwee.n aJ:J ·o:f:_-the:·p_roduct ·1ine-s:: to :be: cons-~ciere.d. ·Fol-
lowiAg the- ttro.ce dure out:line d e ar.lt·e r :in this- ch apt¢.r , one coUld the-Ii 
.. 
. , ·li.11~$ ·:in the :firm .might ··have ·"Qe·e.n re:ducecl. Si:rfce t·h~ :.tr1m1ber Of pos-s,i~ 
.m.a.nua1 ca:t.cul.ation$ w-ould be. ·reqtii.re~l to in-sure that all of· t~e: po·s·s_i-- f 
-
bi:1:fti~:f3· ~r.-~ .cons-i·der·e:a,. ·un1ei3'.s this -task could s·opi~_h .. pw be i.n.c-o.rporated 
:i.-nto. the. ·-mode.I • .. . -. .. . •. .- . . ' ' - . . . . 
:the incorporation int:o: the .:mo:de.J. ·o:_f. th~ fe:as:i.b.1e. ra.n-g~s. :ro;r- lab:or -and 
c~p:Ltal alloc_.a.t·ions. with·i.'.~ tbe: b-11:dget for· ·e:ach_ of the product ·lines.-. 
Thi_s informa:t·io~:. ¢:ght b_e: obtain-able from ma.n}:t_gement:,. ·arid wou).d be 
' useful in determini_rig the feasibility ·of proposed· 1abor ·®,d ·capital .. 
allocations which in·dicate i"nput cost savi!}gs · are ·possible: .. 
A ·third are~, mentioned earlier, involves studying the effects qt 
di:ffe·rent cos.ts ·per .unit of capital upon the ·possible reductions in 
..... 
,, 
input cost,. wh.~c·h c·ould be: real:i.z~.4. Th:L.s could ·ent·a.il usipg .. a· different 
fixed rate .for· the. entire period under' consideration, or· varying the 
rate from .Ye,a:r to yea:r to reflect: pos'~:·ibie. Gh.~ges· .on ·the., ·econ.oIJrl.c· 
scene· an·4/o·r wi,:thin the comp·any •. 
... 
. 
. . : . 
. 
. . ,: .. '·.. 
. .. - ·. ;· ,. . .· . . . The .fin.al area· related ·t.o th~·s p·artic'lil·ar <::f.·tort which is s:ug-. 
In addition 
. . . . . . . . . . 
,. 
t..o: givi~g the ·para.m~tf:r e·stimates·: fo:r ~.~ch productiort flln:ctipn.,. the re-
:gression. ats·o :f>.p¢cifi.:ed th·e: s·t.and~Q de.viations asso9.iate"a. with each 
-
-j;pis. study, ea.ch p~fm).et.er could be :·v·a:r±~cl. r$dom1y· ·wi·t:hin .. , :w,:ay, thre·ei 
~ . 
' . 
·s~grna limtt·s. bf· .its. e.sti.mate , ati.d th(= resulting bu_dge.t ·a.J.Jo:o·oatio:ns .and 
input co.st:s: p.rinte:d o:r plott.~q.... ·From t.bi.s informat.ion. some conf'i.P.en.c.e 
limits. on: the ·results of· th.is stu-cly could· p~, de:termin,ed.. 
B:... other Applications. of DYNAMO an~ Product.fo1t. Ji"u.nqt~~bnp . . -. 
. . 
. 
- ..... -
While this inves·t_igation was conce·rned w·it:P h::istori·cal ·da:h~, 
·cations ·had ·lJ~e11 made in ·the: p:~~t ,. ·the DYNAMO--proq.uct.io11 tuncti:on. com-
A,. list .. cff pos:si'bi·~. appli·cations of' the pa:~Q.dt.i.ct·i'oh. tfuicti:on ,. e.s. 
proposed by ~:le, and O'·I.eary I27].~ was. .. @-·Yen at the .erid. ·O.f Ch.apt.er II:I. 
DYNAMO co1l1d lJe used:. in ·con.jun.cti.on with the product.ion function i·n many 
of these areas' t·o prov:Lde s:uggest·ed solutions or heipf'ul information ..... :: .• 
. 
necessary for e.,f_f'e:Gt·iv.e decision·-maki~g. For example,. given functions 
which predict the :ro·recasted output demaJ}d and capital. investment over 
some future horizon, and the production functions of the product lines 
to be considered, DYNAMO could be us.ed to determine the labor fact,or 
:•. -
- " 
. ' ' 
',·. ' 
I 
! 
I 
I 
I 
-i 
I 
," 
' 
,, 
,· 
; 
required, as expressed in equation (9) of Chapter IV-. :The .. i11:p'llt .c.-ost.-
and the imputed rate of r~turn :for the. resulting 1,a.bot: 'and. :c~pital m$t 
·' 
.c:ould a.lsb· ·P~ de.tern.tined~ The interested reaqer· is referred 'tb Ai;>J?endi.:x 
:n· for a :$Pecific example of th.is. applic~tion. 
•, The ·1a.·st. area su_gg;~,~te·d :f·or· ·rurther·· :st-:udy :is_ t:ha.t of deve'I.oping· 
" \ ' ., 
. 
. . . 
'Et corporat.~ simulat·ion -mode:l. Gershefsk.i 12·:i.J -rep:or1>ed in h·i~s s-wvey 
that DY::N.AMO is being: uited in the field of· -corporate· :mode.ling;. ,A ·tr-ue 
c.o:rporate. ,model, as ~nvi_s.1.on·ed ·py· .Cooke: [13]:, would :serve: pr.imat·ily: ·,,19··· .: 
t·::h.e .fir;rn, ~nd to re,ve:·a1. ·t:he ·¢(fe.ct. t·h.Ett: _dec,is·:t.ons made in e~aGh sub·--
-system,. :will .··have oh .a1J.:. ·ot·h~r· subf?ystems: ·inc·lud~·d tn the: m:o:de'l.:i_l' It 
i.s· ·hi·s belief that .. one ·of the b·est uses of :~ :o·orpor.ate· :_mo.del. is t_o·. ,ob~. 
) 
.. t·-ain better co·ordination c,f· act-,iviti.es at. t.-he .divisional level. ]~uch . . . . . . ' . '• . . ·. . . . . . . . . . -· . . 
-.-. . . . ,. ... 
"Cooke [13.l _ide_nti-fies several way$ i.n ·wbich. t:h·e· ·ciorpor·ate mode~ 
will have. ·a :si.·gni:fic:ant impact tipon: the: organi::zat,ion. aµd· tne operation 
of the corporatit:>h. 'rh~y :include: 
(.1:-): .:c.m.p:r;oved deci .. si·on~making· t~·o,ugn ·more .:sophisticated 
. . 
,, 
· (.2) ·Bett.er ·coordi-nation .of' decis-iori-making and an in-
creased awa.renes·s of the- ne.eds. of the whol-e cor-
poration, 
(3) Reduction ·in :the· ·t.inie ·eJee·c~t.i.:ves need to spend on 
... ·; . 
. :. 
10.9' 
' ·1 
,,: 
• 
I 
I 
• 
• 
..... ,, 
f4J .. J3e·.~t~.r 1U1de.rEtt'.fmdi.p.g o-f· the prob1etn$ :of.: tl1e: 
:model appe?,rs tp offer great, potential :tor improved corporatEl i:1er-
and. ·tb<= production fu.p:c:tion will p;I.a..y )3. s_ignific.apt. ::role- in future 
;co11lor-ate e:·fforts an-d encour_a~e~· tne.ir use.-
... ,.-
( 
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Adjustment Factor 
Current Dollars 
De:f:iator: 
: . . .. . ' . : . -. ; 
:DYNA}iQ 
Imputed r~te a:f :Ret:U'IJl 
Input Cost 
Labor Allocation Level 
A factor ,..rhich is used to obtain current 
dollar values from constant dollar valties, 
• or vice versa 
:The sum of the labor and capital alloca-
tions made to all·product lines, i.e., 
fhe sum of all product lin_E~) budgets, in 
this case three of tl1em {AGG) 
All ·f igure.s l1ave been -adj us t~d to a base 
year 
Gives the cos:t o.f· th.~ input. factors ~-y 
sutmning· :the. do:t-1:ar -payments made to labo.r 
artd tlie cost of. ~~pi.tal investme11t. 
The ·cos:t: i·n·curred t:o. in\rest one ·d:oll.,,tr 
:of·. cap·i tal 
.. 
. All figure.s re·fOJ.;e.ct .tlteir wo:rth during 
th:e year in wh-i_ch th.·e exP-enses in .tJ1e 
state<l amo11nt ,.,ere incurred· 
See II Adjustment F-:aci,.or-"· 
A specia.l purpose computer language 
developed especially for use in. formu-
_:lat±ng industrial dynamics models --
:DYNA1~10 II, Version 4.2, for use on the 
IB~l 360 computer, was used in tl1is study 
The rate of return wl1ich could have :been 
realized. if interest on .th·e investecl Cpp-
ital was actually being paid 
The cost of all input factors of produc-
tion, namely labor and capital, as deter-
mined by the cost equation 
Indicates a product line or aggregate 
labor allocation for a given year with 
respect to the corresponding labor al-
location of the previous year and the 
increase in the product line or aggre-
gate budget 
" 
' 
. . ,....,_,__, 
Neutral Technical Cl1ang;e 
Production .. Function 
Value Added. -O.u:t.pt1t 
• 
-~-
- ,· 
An increase in tl1e ef.f iciency of the 
combination of labor and capital in a 
production function; tl1e term "neutral" 
indicates that tl1e change is not trace-
able to either labor or capital; typi-. 
cally represented by an exponential : 
function of time 
Defines the maximum ~utput that can 
(theoretically) be obtained with an 
existing state of technology from given 
quantities of input factors, usually 
-labor and capital 
The sum of t'h~- i~pQr and capital alloca-
t .. ions inade to· ,t.J1e -cle:signati~d- product 
.line (Pt): 
rI'.h·e value o·f tlie ·,Otlt:pµt .i.e.s··s t·he value 
of the 11,1gte:tials use:d to -produce it 
··: 
.. ~. ··· . 
.. 
.· ·'• 
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.APPENDIX B 
1-
ll:3 
,. 
. ' 
' I 
----~-~--------------------
.Actual= 'Vs. Optinia1 Budget . JUiqc~t:i.Qil~: fJ.tld lnput .Cost:s: 
.;: · ( iti G.11+:ren:t :I)oliars·) · · · 
Bud.ge.t Input Cost 
Capital (La.,por·+cap:i.tal) (r=.25) 
Year .Ac.tu.al 
.. 
Optimal Actual. Optimal Actual Optimal 
PL1 73.96 76.66 ·88. 40 76.56 162.36 153.22: 96.06 95.80 
1960 .PL2. .J..40. 09 135.67 :21:9.84 236.63. 359.93 372 .. 30 195.05 194.83 ... 
'.PL3, 83.·51 56.38 ·e4.oo 151.03 167. 51 2,07.·41 104.51 94.14 AGG ·297 ._56 268.71 392 .·24 ·4·64.22 689.80 7:~2--.93 -3.95. 6~ 384.76 
PLl 77.01 Bo. 34· ·9.5. 07 80.24 172.08 160-. 5·8 :1..00. 78: 100.40 
1961 PL2 159.16 _159.23 229·.:52 262.02 388.68 4:12 .25 :216. 54 215.74 PL3· 99.50 71.50. 116.94 191. 53 216.44 ~263. 03 128.73 119.38 
AGQ 335.67 302 •. 07 441.53. 533.79 777.20 83:5.86 446.05 435.5~ 
PLl 80.37 83.66 ·9a_ .• 2·4 83.57 178.60 ·167 .25. 104.92 :104. 57· 
1962 PL2 143.77 140.43 2·32 ~-07 244.92 375.84 38,5 ... 35 201.78 201. 6.6 P,t3 119.16 86:. 6.3 '.144.16 232.06 263.32 318.69 155 .. 20 1:44.:65· 
AGG·. 343.29 310.73 :4.74. 48 560.55 817.76 ·87.1.29- 4(5l.9J.. 4:5.0.87 
PLl. .. . 75.74 a·o. 98 105.71 80.88 181.45 ·161.86 l,.02_:tt 17· 101.20 
1963 
. . . . 
PD2 153.23 147.71 236. 8:3·. 257. 6·3 39,0. 06: 405.34 2·12 .·44 212.12 
pt,3._ 131.07 99.18 175·_.19 ·2:65 .• 66 306.26 3.6.4.84 1y4 .• 87· 165.59 
AGG 360.04 327.87 ·517. 73 604 .. 17· :-877. 78 .. 9 3·2· •. o·4. 489.48 478.91 
·I?+.Jl 83.33 88.22 ·110 .• 71 88 .. ll J~~94:. o:4 176.33 111.01 110.25 
196:4-
• ~.j, 
-r 
'PL2 178.84 166.74 241.67 ·290.82. 4·26.51 457.56 24_0. 76 239.45 
PL.3 -1.51. 21 lll.61 189.98 -~:98 .• 97 _341.i9 410.59 198.71 186.36 
.AGG 413.38 366.57 548.36 671 .• ·91~ ·961. 74 1044.50 550.47 536.05 
PLl 104.53 108.09 123.44 -1.·07 -~ 95 227.97 216.04 135.39 135.08 
PL2 
- 208.73 191.36 273.49 .333. 77 482.21 525.13 277.10 274.81 ,. 
PL3. 165.43 119.17 195.61 319_.,23 361.04 43·8. 4o 214.34 198.98 
AGG- 478.69 418.62 592. 5:4 76.0, 9_5: 1071.20 1179.60 626.83 608.86 
' ·. . . 
"· .... ~_t,.·: ',it~':,:.--_~:, ___ ,~- •. _;~---=~~i~~-:tt~~:~i~~i,.3~-~-~-~~~~:\.~.:~i\t~1ii~~~?.- .•, ___ .-. _ 
• 
. ,· 
'lt'11ble: 5 (2- ) -~ Actua..l vs ~ :()pt:im.al B11d:get Alloc·ati.ons and. '·Input= ::C:ost.$ 
-( in ·=c:urr,ent ·:0011.ars ). . ' 
Budget Input Cost 
·Lab.or q:ap3.t-al (Labor+Capi tal) (r=.25) 
Year Actua.-1 Optimal Act.ual Qptimal .Actual Optimal. Actual Optimal 
PLl 112·.32 117. 70: 141-.76 254 •. 08 . . . 147.76 147.09 117.55 ·235 .• 25 
1966 PL2 ·2.04.38 192.01 -290:.2-3 334 .9._o 49:4.62 526 •. 92 276.94 275.74 PL3 148:.46 113.·28 :2·02. 60 303.43: ._3:51. 06 416:. '70 199.11 189.13 
AGG -465.l7· 4~_2.99· 634.59 7·55;.-88: 1099.80 1178.90 623.81 611.96 
.. 
PL1 '106.21 11.6·. 3.7 J_.·67·. 5:8 1l6.23 ·273. 79 2:32.60 148.ll 145.43 
1967 PL2 2·03. 07 193~:48 302.Ql :337 .-46 5{)5 .• 08 530 •. 93 2·1:s .• -57· 2.77. 84 PL3 1~7.84 1'27. 73. :227. 5.8. _342.1:5. 395 .•. 4~ 469 •. 88 2.24.73 2l3.27 
I: AGG 477.12 :437. 5·8 697.17 795 .,84 1174~_30 ·;1.23-3:. 40 ·65·1.42 636.54 140.86 l,50:.8·9 198.51 ·150 .. 10. 301.60 190.49 188.57 \J1 PLl _3,3_9. 3:7 
1968 PL2 f!"38. 81 ~~-;i.:47 324.95 366.:.2'8 '563,.:77 607.76 •3·20 •. 05 318.04 PL3 146.81 113 .• -14 205.40 303. 0·7 3·52.2:1 416.21 198:.16. 188.91 
... 
AGG 526.49 4·85,. 51 728.86 84·o. 06 :1:255 .• ·40 1325.60 ·7:CJ8.-70 695.52 
.38._6.:4o. "'· PLl: 178.51 l~l-4. 0.7 207.90 183 .. 84 J: 367 •. 91 ·230.48 230 .. 03 . . . . 
1969 PL2 318.35 28:6.:25 391.25 :~.99. 2.6 70-9-.• 60 785. 50. :416.1·6 411.06 PL3 135.53 1.0'.6.3Q· 198.10 ·284.73 33·3. 63: 391. 0:3 ·185. 05 111·.4e 
AGG 632.38 5:7.q.6,i. 797.24 96·7.83: J:.429.·60 1544 .-40 8:31. 69 I 818.57 I I 
~ 
PLl 161.00 170.18 212.23 ·169. .• 9:7· 373.23 340.15 214.06 - 212.67 
-4.19 •.. 46: 3·11~ 76 --1970 PL2 491.62 6.48.41 9:11.07 102··0.2-o 542.36 533.86 PL3 180. 76· 1·32 .• ·02 221.20 3·53. 64; 401.96 -485. 66 236.06 220.43 
.. . . . 
.. AGG 761.22 673.96 925.05 ).112 .·oo 1686.30 ,+846.o.o 992.48 966.96 
PIJ. 163.70 174.17 223.00 173.96 386.70 3·4e,.13 2.19. 45 217.66 
1971 PL2 483.90 396.12 546.10 690.90 .985 .oo 1087.00 575.42 568.84 PL3 221. 30 162.60 2,74.90 435.56 496.20 598 .• 17 290.02 271.49 
AGG 823.90 732.90 1044 .()0 1300 •. 40 1867.90 2033:.3.·o 1084.90 1058.00 
,.: . ~: · ... 
: . ~- ,·~ =--:-. 
/.:.;·.-· -
- --~ -=: . 
- - " , : " -- >c~ " • 
. --. ::,,. :.-.=>.:. '-"i. ---.-~ ·. __ :--:_.,,.::.;;. _;. 
;.,,, 
,, 
~--,--,--,---------------------------· 
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Table· 6· fl-.J~. f.ropo:se.a .. Bud:ge:t· illo.cations-~same: :Laqq:r /L'.Llo.c:~tion Le·v¢1. 
{A:pp·;roach l) 
{iti Current Dollars) 
Year L.A.L. L~p:or Capital Budget Input Cost 
PLl, 0.7 ·aa. . 52 43. 03 l31 . 55 99.28 
" 
·1:43.~ 48 195.44 1960 PL2 0.7 07 209. 352. 55 PL3 '" 67. 08· ll6. l83. 60 96.21 Q:·! 7 53 
A@ :.0~7 2:98. 67 369 • 03 667.70 390.93 
PLl 0 ..•. 4 81.29 76 • 52 l5"7~:·8·2 100 • 43 "• . 
1961 PL2 .Q.;.4: ·158.24 232 • 61 390 •. 84 216. 39 J?L3 o.4 92. 99 129 37 222.36 .125. 33 • 
AGG 0.:4. 3·32~ 52 43·8·• .• 50 771 .. 0·2: 442·.15: 
·Pu. ,O:.l 77. 87 111. 44 189. 31 :l0_5.73 . . .•,, 
196·2-: p..rig 0.1 161. 06 ·178. 85 3.39. 91 205.·77 
_p1:3 0.1 100. 79 185. 11 285 .90 147.07 
AGG 0.1 339.72 4·75.40 815 .. 12 .. 4·58.5-·7 
l'Ll 0.2 a2 .. 10 7:4_ :34 157. 04 101.:2:9 
196·3 PL2 0.2 149_.30 ·:251 •. 38 400 .• 68 212 .).5 PL3. 0 •• 2 123-.29 .191. 96 :315.24 17J-.2B 
.AGG: 0 •. 2.· 355 .2.9· 517 ._·67 872. 96 484.71 
J?Ll .o-~6: 85.30 100 .• 84. 186.13 1:10 .. 51 
.l9::61t, PL2 o.6 176. 5-6 255 0·5 431. 61 240 .. :33 .. ', ." • • • • I PL3, 
-:o-..6 148,.56' 195 • 06 343 . 62 lSJ7. 33 
AGO :0. 6 4io ... 42 5'50 •. 95 961. 36 548·.16 .. •. ' -·· .. '. 
· .. 
l>!J,i ·Q. 8 :101 •. ·3_6 .139·~ 66 241. 02 l36.:.,27:· 
-1.9·65 ·Pt.2 ·0· .• 8 :2+9. 71 :24-'3.14: 462.85 280:.·_5·0 PL3 ... 8' 17·9 •. 90. 172 .• _5.9 352.49 223·.-:05 o: •. ; 
AGG 0\:8: 50·0.9.7 _55.·5 .•: 3·9 10·56 .•. 39 639.82 . . . . 
........ ,., 
116·. 
.. ...., . ~··· 
,.. :, 
i 
' 
. ; '. 
... 
; . 
·~· '.. 
-Wable :6·(2:}., ·Proposed Budget Allocati.ons--Sa.me Labor .. JiyJ J·-oc_at.ion Level 
(Approach 1) 
(in Current Dollars) 
Year LA ·L· ·.-.. · .. _ ..... Labor Capi~~- :Budget InEut Cost 
. . 
,. 
o .•. 3- 106. 45 17.5.78 282.23 40 PLl 150 . 
19.66-. ·:PL~: :0:.3 212. 71 . 264-.84 477.55 278.92 :. 
"I.'L3 o::. 3. 168. 09 l68.:_30 336. 39 2·10.17 
AGG 0 ..• 3. ·4a7. 25 60.8.-.:92· 1096.17 639·. 48 
.. 
·PLl o .. o 112. 32 133.95 246.27 145. 81 
·.l9fi7 }(;L,2'." .0.0- 204. 38 297·.58 501. 97 278.78 PL3 ·o.o 148. 46 273·.33 421.79 216.79 
AGG- o •. ·o 465~17 7.04.86 ll70. 03 641.38 
.. 
PLl. .1.3 133.03 249 .. 6··4 382.67· 195.44 
1968 PL2 1 .•.. 3 252. 49 286.01 :5.38.4:9 3_23.99: PL3 ): .• 3 196. 99 132.42 .329·.40 230.09 
·ACJQ 1.3 582. 50 (568 •. :13: _1250.56 7·49.52 
PLl ·o.8 177 "69 211 .. 75 389.44 2·30. 63 -
-414· •. 61 1969 PL2- .Q .• 8 310. 40 725. 01 414. 05 PL3 .:o·.8 177--. 82 13~.06 309.87 ·- 210. 83 . 
AGG :o.8 665.9i. 758.42· 1424. 32 855. 51 
-Bl,l, Q.,5 -205.05 Bo .• 5-7 285. 62 225.19: 
:l:97·0· .P.L2 o .. ·5 390 •. 19 580 .. 31 970.5·0 535.27 PL3,: ·b.5 165.4-6 2:52-.42. 417~89 :-228. 5:7 
AGG .b.5 760~ 70 913. 30 1674 .. o:.t ·98:9. 03 
:p11 
.0._3· 171.49 185.13 ·356 .• 62 217,. 77 
J.9:·r:1 :p1,2 0-.-3 449. 02 518.29 .967. 31. 578.59 PL·3 .0;3 19-5. 20 331.55 526.75 278.09 
AGCl ·0-.:3 
-815_.7·1 1·034.97 :l85.0. 68: 1074.45 
·•.: 
ll7 
·, .. 
. . •. 
;., . 
' • ' .:. : ·, .. ·. 't 
'\'1:: ,, ' , .. ' ',', 
' [ ·" 
• )! .... , •• • •• 
.: .. !' • ... 
Table· 7 CI).. -Propos.·ed Budget Allocati·ons--Within _Product 
L·ine Budget Constraints (Approach 2) 
. ~ 
.(in Current Dollars'.} 
Year· 
. ,' ' - ,:. - . . 
:L.A.L. Labor- _Capital Budget Input Cost 
:PLl 0.3 77:.01. 75.20 152.21 95.80. 
·:tfJ6.o PJi2: 0.7 :14·3·.07 209. 50 352. 57 195.40 
:P.L3 :1 .• _3 85. 56: 81_._oo 166.56 105.81 ).05:-... p4 365.70 671.34 " AGG 39.7:_.01 
( 18:~ ·401:·*· 
1':-Ll 0.-3 7-9 .• 46 83.85 163.31 ·1_0l). 42: 
1961 ' PL2 0.,5 162,.;77 218.0l 380.78· 217 .27 
·PL_3 () •. .-7· .100:.:09 115 .90 215.99 :129 .07 . ·. . .- ; :. ' 
AGG ·34·2: .. 32 417 .76 7.60.:08 446.76 
{:17 ·4t··lZJ *· 
.-PL1 .0: .• -8· :83.:93 
-8~-;.·56 1.66. 49 104: •. ·57 
. ' . . 
_:L962· PL2 -o-- a-: 143 .. 96·· 23·1 .• 35 375.·_31 ftOJ.. ~ 8.o . . .. . .,_ . PL3 1.6: :t20.,17 142•:35 2·62. 52 .1.55.76: 
AGG :348~06 4:56 •• 26. 804.32 462 .].: 
...... ···-~ 
(13.44)* 
PLl 0.-_.1 a·1-~ 5:3· 78:. 70 160.23 101.21 
. 15:4.84 231. 24 386.07 -212. 65 PL2 o 4 lf):63 : •. .: PL3 o .. 6 1.:31 .• '54 17·4.25 
-305. 79 175.10 
AGG :367~.91 48.4·.·19 852.09 488.96 
(25.69)* 
PLl ·o •. e 88.-.48 87.07 175. 55 110.25 
1964 PL2 o.·~r 18Cl:. 4::5 242 .62 423.07 241 .• 11 PL3 0.-7 151. 48. 189.48 340.96 ·198. 85 
AGG 42·0:.·4l 519 .17 939. 58 550.21 
(22.16)* 
PLl 1.1 108._._l.¢ 107 •. 83 215.95 135.08 
1965 PL2 o.6 209 .. 49- 271.20 480.69 277.29 PL3 o.4 165~56· 195. 39 360.95 214.41 
AGG 4.83..17 574. 4·2 1057. 59 626 •. 78 
(13. 58)* 
* The figures in parentheses following each proposed aggregate budget in-
. . 
d.icate the amount of funds remaining unallocated of those available. 
The allocation of these "excess" funds is shown in Table 8. 
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Table 7 {i2J • ·Propos:ed Budget Allocations--Wi thin P.:;ro~l;µ.~t. 
tine- B11dget Constr~nts (Approach _2) '.: ·· 
fin Current Pollars) 
Year L.A.L. Labor Capital Budget Input Cost 
PLl 2.0 117. 33 119. 04 236.37 147 .09 
1966 PL2 -0.3 204. 75 289. 03 493.78 277 .Ol 
. PL3 -l~ .. -9· 148. 58 20~:. 35 350.93_ 199.17 
'AGG 470. 66 .610-.-42 1081.08 623. 2·7 
(18 •. 6:_8)*-
PLl 0:,3; 117 .10 113.·38 230.48 145.44 
19:67 PL2 o .• o: :204. 38 297. 58 501.-:9·7 278. 78 PL3 o· a 168.64 225. 96 39·4. 60 .. • . : 225.13 
AGG 490.12 636. 92 1127·.05 649. 3_.5 
(47. 24}*' 
PLl .2-.2 151. 58 ' 1~7. 95 299 .. 5·4 -t8:B.:58: 
1968· P·L2_:. ..1 .• 0· 241. 08 317. 99 559_.·07· 320.:.58· 
.PL3 
~o.9 147. 66 203. 65 3.51.31 198.57 
AGG- 540. 32 669. 59 1209._.92 707 ... 73 
(45. 43)-*: 
·p1,1 0-_.·_9 t--82.:29: 191.10 373.39 230.08 
PL2 o· 9 31:9 .• 35 388. 40 707. 7:5 416.46 
·196·9 .  ..... ·· . PL3 -0.2 139 .• 06· 190. 6:3 .32:9 .• 69 186. 72 
·AGG 64:0.·1.o 77-o· •. i3 14:10.:83 833.26 
. - . . . . . . ( i8. rt4.}*· 
PLl -.... ;,Q 2 ·- ·- .. 1·67. 89 179. 45 347.3·4 ·212. 75 
.. PL2 ·Qi •. :8 433. 30 456. 30 889.60 547.40 
:l970 PL3 0.-8 183.42 216. 42 399.84 237. 53 
AGG 784. 61 852.17 1636. 78 997 .68 
{49.48)* 
PLl :o • .:4 174 .98 170. 75 345. 74 217.67 
1971 PL2 () .;2: 439 .16 545. 30 984.46 575.50 .. 224. 09 269. 80 493~89 291.54 PL3 0~_9. 
AGG 838.23 985.85 1824.09· 1084. 71 
(43. 77)* 
* The figures in parentheses following each proposed aggregate budget in-
dicate the amount of funds remaining unallocated of' those available. 
The allocation of these ''excess" funds is shown in Table 8. 
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Table .8 .: Proposed Budget .Allocation ..s·--Removal o,f Product 
Line 3 Budget Constraint (Approach 3} 
Year 
1960 PL3. 
.AGG· 
:·19_6l: :PL3,. AGG 
·19.62. PL3: AGG 
.. PL3 1963: AGG 
1964- PL3 AGG 
:196~5. PE·3 AGG 
196:6: PL3 AGG 
196·7 :PL3 .. AGG· 
.1:9.68 PL3 AOO· 
:1!J69 PL3 AGG 
·197:0. :PL3 AGG 
19·71 .. PL3· AGG: 
.. 
(in: .Current no·1iars) 
L.A.L. Labor 
0.7 67-.:08 
:287.15. 
Q ..• e-1 85 .. Bil 
:32.8.11 
p:_ •. 6 
.107 .25 
335 .• 14 
-0·~2, 
.115. 03 
351.40 
-·o.~-·1. 133.98 
:402.91 
:0:.1 15·4.8·0 
472.41 
·-3.5 134.39 
45·6 •. 47· 
-0.3 i.4o.~ 89 
462 ..• 37 
--2 •. 1 120 .. ·75 
.. 
5·13.41 
~::o,· •. :'.5: 187.43 
629.07 
0'.·2.: ]_47. 50: 
7.48. 69 
·o .2 
• •• 1.90. 39 
:ao4. 53 
120 
Capital 
116.53 
401.23 
:L45·. 6·8. 
:.4'J.1.7. 5,4. 
l68..7l 
·482.6·2 
212.89 
522:.a:2 
227. 59 
55·7.28 
·2·16.01 
5.95 .. 04 
2:$.5·:.08 
64·3.15 
:2.95-:54 
:70·6·.51 
275.02· 
74.0.9:7 
~17.18 
796.,68 
299.67 
935.42 
344.15 
1060.20 
-·-, .. -·, ~ . 
. 
Budget Input Cost 
183.60 96.20 
688.38 387.40 
·231.56 122.30 
775.65 440.99 
275.96 149.43 
817 .. 76, 455.80 
_327.92 168.25 
874.·22 482.11 
361~.58 190.88 
960 .. 20 54:2. 24· 
-· 
... 
37.0.81 20,8 ... ~80 
1·06:7·.·45. 621.17 
--369 .. 4·7· 193.16 
1099.62· 617.26 
436.43 214.78 
ll68· .. 8'8 639.00 
395.77 189. 50 
1254.38 :698. 66 
344.61 181.1·.3 
1425.75 .828.25 
447.17 222.42 
1684.11 982. 57 
534.53 276.43 
1864.73 1069.60 
•.: 
,.:......: . ..:...---~~ 
,- , ,r 
I ' ' ' ' 
I 
I 
·, 
.. 
.• 
,, ,. 
:~al:>:I.~ 9:(1). Proposed Budget Allocations--Introduction of· 
Non-Optimal Product Line Budget Allocation 
( Approach 4 ) 
· (in Current Dollars ) 
Year L.A.L. Labor Capital Budget .Input Cost 
PLI o.4 79. 89 64.90 144.79 96.ll . ·, 
J.:96.0: :PL2: 0.1 143.·0·3 209.48 352.55 195.40 PL3: ·o .• :6 6·4. o.o· 125.0·0 189.00 95.g5 . '• ' .. 
28·6::~ 96· 3·~}9.,·38 686 • 34 386 •. 76. . AGG .... 
PLl .o .• 6 a·4. 97 6.4.12 149.09 101. oo· •: . 
·:1961 'r'L2 CJ. 5: 162.77 218.0l 380.78 217.27 PL3 0 •. 1 78. 78 165·. 73 244.51 .120.21. . . . - . 
·AGG 326. 52 44:7. 8.6 774.38 438.49 
PLl: 1.2 87.39 70·.23 157.62 :104 .•. 95· 
196·2 :p1,2 -0.5 149.·66 2:11. 64 361. 30 202. 57 
·PL:3 -o.4 9:4. 33 20.4.36 298. 69 145.42 
.AGG ··331.38. 486 .. 23 817.61 .452 .•. 94· 
·.PLl ·0.4. ·85. 04 .6.6.>49 151. 53 101.66 
PL2 'Cl '4 154.84 231.:24 386. 07 - 212.65 ' 6···· ' ·~·: .. ·. ." 19:.3.: PL3·, -0. 5 108. 84 ·231.·~·3 ·34:o .• 07 166.65 
AGG 348.72 ·528 .. :96 877.67 480.96 
:PLl 1.·2 9:4.:8·5 65·.91 16·0.76 111.33· 
'l-964. PL2 o.~·7 108.45 242 .. 62: 423.07 241.li l?:L3 ~o.·2 :125·. 2.4 2:s.1.74 376 •. 97· :J-88.1.7 
AGG :400.·s.4 :56.0 .. 27 9:60.8:.0 540.-61 
J'Ll· .1.:4 114.88 84.60 199.48 136.02 
.1965 PL.2 ·o .. 6: 209. 49 271.20 480 •. 69 .277,29 : ,· .PL3 -0 .. 3 140. 45 249. 78 390.,23 2.02.90. 
AGG. 464.82 605.58 l0:70·.40 6'16 .• 2.21 
.. 
:r·· 
• 
0 
.. ... ,....., 
,= 
• 
" 
,, 
.~.·~., 
:Ta.b,le -9{·:~t).. Proposed ·Budget Allocations---Introduction of 
Non-Optimal Product Line Budget Allocation 
(Approach 4} . 
(in Current Dollars) 
Year -L.A. L. Labor CaEital Budget In:eut Cost 
. 
·PLl 2.7 121.81 102.45 224.26 147 .42 
1966. PL2: o.o 208.73 276.56 485.29 277.87 PL:3 -4 •. 7· 123. 7·4 265·.91 389.65 l.90.~2 
-AGG ·454.28 ()44.9·2 1099.20 6l5.51 
:PLl b.3 117.10 ·113: .• ·3·8 ·230 •. 48 i,45.44 
.. 1:.9e;:7 ·p:t2: o. () 20:4. ·38 297.58 501.97 :2:78 .. 7"8 p~3· : ... (). 3 140··.89· -~-95. 54 -436.43 ·214.78 
AGG· 462.37 706.50 1168.88. 6~9 .. :0.0 
PLl. .2:. 3 153.65 .1·40.16 293.8l 188.69 
·:196:8 PL2- -1_._·o 241.08 317.99 559.07 320.58 ;PL3· -2._2 118.50 282.83 401-.33 18.9.21 
AGG 513.23 740.98 125"li .21 698.48 
P.Ll ·1 ·1 :· . ·•: .. ·. 191. 50 156.90 348.40 230. 73 
• .. PL2 :Q.-!9 .. 319 ... 35 388.44 707. 79. - 416.46 +9.6-9: PL_3: ~{l.8 115.81 250.53 3.66·. 34 178..44 .. 
AGG· 62.6.66 795 •. 87 14~2.5_3_ 825.63 
l?Ll 0- ·O .. _ .• ' ; : 178.51 140.37 318.88 2.13.6:0 
:1:9.tro PL2 .o.6 404.56 53·4. ~LO 938.66 538.10 .. .. 4 159.48 2:66. 70 426.18 226.15 ' . - -. . . I?:L3 0. : ..- . 
AGG 742.55 941.17 168·3.72· 977.85 
.. 
" 
PLl .0-~6 1'81.·97 ·1.45. 9·6 327 .93, 218.46 
::1971 PL2 :Q._2 439.'.16 545. 30. :984.46: 575. 50 PL3 :o-.:o 180.76 371.88 55.2.64 273. 73 
AGG 801.:89 ·10 .. 6.3-.. 14 1865.03 
- . . . 
1067.69 
·(;)_ 
• ' [•.' L ',•( 
•·. 
•. 
Table 10 (1)'... ;propose.a .. Bti.dgets--Percent~ge __ s .A.llo.c..ated- t.o Lal;)o_:r-· 
Year Actual ApProach l Approach 2 Awroach 3 A]>proach 4 Optimal 
PL1 45 • 6 67. 3 50~:6 50. 6 55·.2 50.0 
1960 PL2 39.2 4o. 6 40. 6 4o. 6 4o. 6 36.4 PL3 49.9 ·:~6.5 5·l •. ·4: ~6.5. 33.9 27.2 AGG 43.·1. :·44.7 
·45.5 41 .. 7 ·4l.8 3·6. 7 
PLl 44 •. 7 5-.J •• :5 ·4.9.·0 
~9-0 57 .. 0 50. 0 
196·1 PL2 40 •. 9. 4-0-5 li2/7 42. 7 42.:7 36. 4 
PL3 :4_6·-.-0 41.8 46.8 37.1 :32 .2 27.2 . . ·-- - .. '. AGG. 4·3.2 43' •. l. 45.-0 42 •. 3 4·3:.5· 36.l •' ... 
" 
PLl 4:5::_. () 41 .. 2 50 ... 4. .. 5:0 ..• 4 5.5:.:4 50.0 J-1. . I\) PL2 38-.:3: 47.4 38 •. 4 38~-4 41.·4 ,36.4 w 1962 PL3 ,4.5·_. 3 35 3 .46.:2 38 ... 9 31.6 27 .2. • AGG 42.:0 41. 7 43 •. 3 4.1.0 ·40 .•. 5: '35'-:6 
.PLl 4l.7 56. 5 .50-:9 .50· •. 9 ·5·6:.l 5.-0 .• 0 4· '4.0.l· ·40.1 36 •. ::4 1963 PL2 39.3 _37._3· : 0·.1 PL3 :42. 7 39:.l, :43:.:Q: .35.-1 :3.2·!0.- ·2'7._2 
AGG 14-l. 0 40.-'r 43~_2· :40.2 :39. 7 35 .2 
T .. PLl 43.Q 45 .. 8 50:._·4 5;0. ·4 59. 0 50. 0 
.. 1964 PL2 42 .• 0 ·4.o~-9- ·42.7· 42.7 25 • 6 36.4 PL3 44 •. -3 4.3~:'2 44.·4 37-:l 33.2 27.2 AGG 4:·3·.·o ·4.2 •. 7 :44 •. 8 42. 0 41.7 35 .1 
-PLl 45 • 8 42 •. 7 50-l 50.1 57 . .-Q 50. 0 
1965 PL2 43. 3 ·47.5 43·.6 43.6 43.:6 36.4 PL3 46. 0 51.0 45.-'9 41.7 36·-. a 27.2 . . . . -, AGG 44.7 47."4 4:5 .• :7· 44. 3 43·.:4 35 .5 
- :..:..· _ .. -
• 
f . .. : 
.. ·. 
.•. 
Year Actual Approach ~l Approach 2-: Approach :3: Approach 4 QPtimal 
... • ..... 
PL1 44.2 37.7 49.6 49.6 54·.3 50.0 
PL2 I 41.3 44.5 41.5 41.5 43.0 36.4 1966 PL3 42.3 50.b 42.3 36.4 31:~7 27.2 
AGG 42.3 44~:5: 43:.:6 41.5 41 .• 3 35.9 
PLl 39.0 45: 6 ....· ... ,50.:8 50.·8 50:i, __ 8:·. 50.0 
' 40.2 4·1. O 40;.7 -4·0.·7 40·,.7 36.4 
.196-7 PL2 . PL3 42.5 35.2 42.7 ·32· .•. 3 32·.3 27.2 
AGG 4o.6 4o.o -4~·: .• ·5_ 39.6 ~ .. 39·.6 35.5 
PLl 4-1.5 34.8 50.6 .. 5io. 6 52.3 50.0 
"' 
' 
PL2 ··42-:.4 46.9 _4._3·.1 43.l 43.1 36.4 .i:-
·196·8 .. PL3 :l+l. ·7 59.8 420.0 .p0·.5. 29.5 27.2 
AGG 41.9 46.6 4::4. 7 ·40:.·9 40.9 36.6 
PLl '46-.2 45.7 '48 •. 8 48.8 5._5 ..• 0· 50.0 
1969 PL2 ·44·-9 43.2 :_45.1 45.1 45_.1 36.4 PL3 4o.6 57.4 :42 •. 2· 37.3 3i.6: 27.2 .. 
'44.·2 46.8 45.4- 44.l :44 •. l AGG 37.3 . . .. '. ', 
:PLl 43.l 72.0 48.·3: 48.3' 55.9 50.0 
·1970. PL2 46.o 40.2 48-. 7-- 48.7 43.l 36.4 
::l?L3 45.0 39.6 1i5· .•. 7 33-.0· 37.4 27.2 . . . AGG 44.5 45.5 4·7. 9. :44_5 44.1 36.5 
PLl 4?:._3 48.l _5·0 .. 7 50.7 55.5 50.0 •. -
1971 PL2 44.6 46.4 44.:6 44.6 44.6 36.4 PL3 _4:4:_ .. 5 3:7:.l 45.· .-p 35.6 32.7 .. 27.2 
AGG 44.l. 44:.:1 46 •. ·o 43.1 43· •. o 36.0 
•• 
--~---~·-------~---
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APPENDIX C 
~. 
. ' 
' ' 
EVALlJAT!ON OF THE DYNAMO SIMULATIQN LANGUAGE 
Th~ DYNAMO simulation lari.guage was to1.l!ld to provide sever·~ ben.e~ 
purpose simillat:ion language. Qne of the ·prim~_ry·;:reas·orrs. for· s.e·le·ct-in.1~-
DYN.AMO for· tb:i.s _investigation 'was: its· ··capabili:ty to: _provide graphical. 
..• 
output. '·The '0S'C_a1i·n.g' .:rac·tors: -_for .. the _gr·a.phs a.re :·comput·ed: by DYN,!U,10, 
with the t1s·er reqµf.red. ·t,o specify ortl:y the: vari~bles to be plott.e:-c.i:, 
to ,JI1ake: .m.or_e: ,pro:n:ourt.ced the ·beh~v.io_r. of: the: se1e¢ted variable 'over 
t'i:me.. I-t· was f91JI1d usefu.1 to ·1et DYNAMO q.eterm.i:ne the Sc-a.ling f'~ctors 
:scal_ipg fac.t .. ors- would. .. acµ.±~ye tlle a:e:sired. ,e-:f'f'(act :· 
:in. th~ :gene:r.-at·i.on o_f· tabul.ar :6u.tput ~s: DYNAMO prints· qut: five- signi-
specif~ecl by ·t.he u~er·.. If' ·th·e us~r-_speci·fi·ed ·scale .doe:s _ncrt p.e.rmit 
the complete ·v.alue :o·t· a- vari~ble t:o· be: print.ed- f.,n that format, how-
with :a letter c·od~ in the ·_fifth ··a.igit _posi-tion. ::Krasnow ~d. Meri-
,;.:, 
·, .: 
·' 
kallio [26], in :·a. .comparison survey of several s,iiµu;l_ati:On languages, 
observed that ,,-41 . . DYN~O provides the most attractive .means ·o~ generati~g 
time series in either tabular or . print-plot form. Automatic scaling 
and the consolidation of scales and variables are some of its useful 
features .. " -.Although not used in this investigation, DYN~O also 
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plotte·d during the course of' the, -simulation. 
A time-saving and very· appre:ciated c.ll~~aGte·rist.i.c. of DYNAMO is 
,its capability to·: structure .. a.1.i e.q~~t.io_n;E> into t·h·e ·c-orrect comput:a.--· 
tional s~que-Il.c~ for: -~xecut,ion .. ··Th±-s· :allows: th·e user t·o conc,entrate . -
·.. . . .. -· . - .. ·- . . . . .. .. . 
using th.e: -:S.ain.e :mode·-1 :(wi-thO"Q;t ~t=COmpiling)' by- $'.imply i'ns.ertfp-_g r:i.~w·· 
. . . 
. : . ~· 
values .for th.e -~ppropr.i·ate.: con:sta.nts or· t.ables betwe:e·n: a, ,ee:ri_e2-s -o-f' 
.RUN .c·ards·. 
~-- . . . . •.. . . . . 
-The -e·rror _cihecki'n:g p¢r.fdrme_:<l :on- tbe model equat.ions by ·tJ1e 
temp.ts: ·to rec.crver· .-f'ro:m, mqst.· ~.rror· c·on.di t_ions_ t1nd. tun ·:un:les.s t·he error 
.. 
c;:9-ulc:l. ·not be ,guarant,eed. -to be: :compl~t-ely corr:ect ,. it alwa.ys provided; 
At- t·his point :it may ::b~- beneficial to digress $d c·i~~i_fy ·t:wo-
• 
areas in which some confusion has been. evidenc-ed in_ the :literature_:. 
First, as expressed br .Ans:ctft and Slevin: [lJ-_,: ,i.s th·e mis:c·onception 
that ~' ••• one purpose ot the h~ghly stylized ·structure [of industrial 
dyne.mi cs] and of a comparably stylized· system _of notation is to make 
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As Forrester :[19] asserts~ just the: opposite is true. fl ·.. . ' . ' . ···The stru.ct:Ure-
of industrial. :dyne.mi cs was determ±·ned. ·b·e:tore DYNAMO was ·ca~t in .i-ts ·' 
final f.orm. l.l Even in tn:e :~j.or· c'l1ange·S.· .r·equired in the. rede:s:i·gri .. to 
i, 
· The .s·e.-con;d ~rea_ .. in which s:ome et>nf1ts·:i·on :is :s:how:p.. i:s ·in 1:fhre· belief 
.. 
:t:hat: ·DYNAMO ±s the only p:os.·si.pi~ .. :me.th,o_cl :for ·s.iin\l.lating industrial dy-
trial dyna.:rtti,cs. Forrest·.e·r J18] again clar'ifies thts l)Oint. '':The 
DYNAMO compi'ie:r\ is :a c.ompu.t·e.r :prog:ram· for simul:ating, in·dustria1 
-· 
dynamics models ·but .certainly :is not t.he on·ly p.o~s·ible ··methiod. fqr 
such simulation ... 1' .Mey.e·r and. Roberts [3..l] s:ui;>·$t:an-t:.i:·at.e Ji1orre.:st·e:r 1fs 
s:tatement. They we:re:. i'nst;,:rum.e.nt~l-.. :i-n develop.ittg ~hhe capabtli ty :of 
l>uilding and runnin:g_ in,dustri:al dyilaxtii cs models :in a FORTRAN mod;e • 
At:: t-he .. t·iine :·of· thei:r ·work the n·,tNAM_b :c.ompi .. ler ·w~s a.va.ilable· only· ·for 
·t:he JJ3M: '1094 ,: ·and ·:s:(n.c-e ·tl1ey were U.S:in:g: :Honeywell -equipment, ~ll~:s 
.. presente·d a· comp.a.ta.b.ility P:rob·lem.. Shortly after complet·ing th~·i.r 
work it was· .discovered .that Ro.t>:~ert: Le.wellyn at North. Carolina St,_ate 
University had dev~iop~d ~ system of FORTRAN rout.ines· .for doi:r:t_g .Ill.Ost 
. 
of what DYNAMO does.; calle.d FORDYN. While FORDXN produced essentia.Jly· 
the same output to~ts as ·DYNAMO, the system developed· by Meyer 
and Roberts incorporated the ability to create quite different for-
mats. One modification al J owed. the printing of tabular data in 
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the output _produced. Meyer ~A Robe-rt-s fo1.U1d that ''. ·•.•:generally. speak-
ing, industri·a.1 dyna.mi cs :mode·1:s. :are somewhat· more understandable to 
@ 
operating ]Ye.op::le_,. as a matter .~f f'a¢..t, quite a bit more :un..-der·s:tandaqle' 
to operat.i:1i-g .People than ,·ec·on.ometric models. " While g1;~p/61~g that 
~n.d:us.trial. ·dyna.mics is not the solution to all problems: or t.be: ·b.e·st. 
,. 
·nftrni cs of syst~ms b.e~,ng: mo·.de.:led: and st:im,uJ,.~te.~. ·t:he ere.a.t·.ion o:f alter--: 
~t'hems.e:J~ve.s .• 
e:quations· .mu.st be. c.hanged (as: :qppo.sed to. o.n·1y changing const.~t .or: 
t:able values use.d .:Ln tbose equation,s·) ,_ then: se.parate .rUii.s. are n:e.ces~ 
·set of equation types which ,can. ·b·e .in,conv~nf_ent and confini~.g,. ali-, 
though most requirements· caxi. be ac·commodated ·wit:hout: difficulty. 11· 
S·ince their ·survey th~ equation. structur·e require;ments have· been 
r·elaxed substanti.al·lY.·,· .e,l.lowing more flexibility in this area. With 
DYNAMO II equations may· be formu:iated using any of the rules of alge-
. bra. Even so there are a .. few :peculiarities present in the language. 
'· 
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Every DYNAMO equation is performed,··qnce for· e~cb: fixe:d· in.c.renent· 
of time. In this manner the model is "moved" thro:u@.l. whatever ti:tn~· 
period is indicated. Because of this no branchi~g capability (for 
skippi~g one or more equ:ati.ons·) is explicitly provided. Howeve1 .. 
. . ·' ' 
b.ranching. c.an., in e·ffect, be ~ccomplished w.ith a serie·s. of one or more ' . 
. 
equat.i,ons wl:l$,cll ir1corporat:e the CLIP f'uncti9h. . . . It ass·~gQ·S one. or: 
·. -·two,···s;pe·ci.fie·d·"tva.ll1es· to -·a :variable· ·d~pen·&i.l)g. µp·on· the relat·i:onsh-i:p 
Adding :~ constant increment 'to: :a variab·le. ·for each· -t,·i:rn.e: perfo·d 
.· . 
c.ai1 ·be' ~9c9:rp:p·1tshed in at least t}to 'Vtays·. The ~·im:pl.e$t method is t.o 
use a: r.ate· equat:ior1: 
RATE. KL=RATE • JK+INCtR 
A Jhore indirect way involve·s tne t1s·e: or· a '.leve.); .. :~:q.uf1t:Lon,:: 
LEVEL·~·K=LEVEL .,J+DT*·( IN.CR/.DT·) 
. . . . . . 
p:et•ic:>d$. .Thi·s ·ttb·oxcar t.rain:U' fun¢t'i,Qil :c·o°JiS·isted· ·O'f~ a. $E3qµence Q .. f· .. 
fo;r ea.ch .increment of t.ime·.. ·Wi.:t·h .D.Y.ijAMO II and the conversi·on to 
implementtttd._o:ri at s.ome future date,. t.:h.e ~uthor S:U,ggests the followi~e; 
method for ret:ain.~ng .. ·p·revious·ly caiculat~d data. To save the pre-
, ~ : .. ~ 
-· 
' 
vious value of a variable it :must ·b.e stored somewhere as a current 
value o.f another variable·. .This can be accomplished wit·h the leve.l 
. !' 
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,~quat·i.on 
.LEVEL2···.Jc=LEVEL2 • J + DT* ( LEVELI. J~·LEVET,2 -•. J.) /DT 
·Thus- LEVEL2. K :is equal to.: LEVELl. J. It appears that the rate :equation· 
could al.so °Qe. u.$:~d fq_r t.l:le. sElJ'.Il~- purpose (RATE2. Iar=RATEl. JK). Again, 
the- :nie:t:lio-d u~:te-d would dep·tfrtd. ·upon the var·iable definition.. To retain 
dat·a for several pt'.'evio14.s: p~r:i._ods wou.l.ci requ.i.J·e a: se·rie:s: .o.f :such equa-
. .- . 
. 
tion·s_, ea.,~Ji -lin.ked to tl1(= pre·ceding one·. For·· example;. :i:f -d.ata is to 
be. :available for t:en. pe·riods·. (tbe· pr.e:se·nt and nine pren.ous periods)' 
the following ser·fe-s of rate e·.q1+a:t,±.ox1s. ·ooTtJ..d 1"~ use:d. The necessary 
~:equepc·e: o_f :levei equat:Lons -(i:f: ·t·hey· are preJ'e:rre .. d} shou:ld. -~ec.o.n.i~ 
;. 
~pparent ::from th-i-s .and t·he previous· example. 
RATE3 .Jfit=MlE2 ~ ·JK_ 
• 
•• 
:The_. t·ime in0-.e.x :·(x-axi:s,} on the graph,s. :ptott.~,a by DYNAMO -is 
.. . 
·_printed every tent:h, valu.e. A fractionaJ.:.. _:number will. not be printed--
it will be ro@de,p._, up. pri:or to printing. :Thus, 3.4 wouil.d be printed 
~-~ 3 .: and 3. 5 woUld be printed as 4. Tll.i.s is not. :con,ye_ni:ent. f'or 
identification :·:t>'UI1?o~es if', for :i.nst.ance ,· _que.rterlY data is desired 
to be plotted...- .As: an example ,·. 
o; 
·' 
I. . 
., ,, 
,, 
• 
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., 
'· 
• •• ·• • • • • • • • •• !'f, • • • • • • ... •  •  • • 
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o· r4 (\J M: ' 9· -=t" 1/'\' ·\.O \0 \.() :\.0 \0 0\ 0\ 0\ 0\ ()'\, 0\ H r-1 ri: ,-; r-1 r-1 · ... 
'O would a.ppe·ar •on a. DYNAMO plot as 
• • • . . . . . . . •: .• .• ,... -:. -~ . . .• : .• . 0\ 
Lr\ 
0\ 
n 
.C\J 
\.0 ()\· 
~-
~ 
·..::t· 
:\0. 
0\ 
r-1 
.· 
:Tltis charact·eristic of DYNAMO . . ' . . .· .. · ·- .... 
·can be ·verif:ie.d by chec-~::ipg Figur..e: 4 -i:n. Chpp.t~e·r· !!I· •.. ,.A.JJ. 0th.er figut~p-. '·· 
:in the _form of DYNAMO plo.tted .otrtri;rµt· ~ppea:rittg: fr} 't·h-i-s the.sis: ·we:re 
:man.ually corrected i:f'" treces:sary • 
. · 
-Another inconven·f.enG~· ·El.:S f'ar a.s t,he. DYNAMO. plotit:.4,ng. capability 
only t:h~ f;Lr.-st point plot.tea. :for each of the three variab1e·s: ~a... ~v:ery 
· . 
:fqurth .. point: -t·11~r~a.fter ·are ac:tually valid (y~a:rly.) data- ·:poi.Pt~. The· 
only way t·h{~-- tnr.ee s.ets- of: thi-rt.een p.oiI1_:t$· colil.d be spread. o:ut. was-
by actually ea1c.ul:at.$.n:·g an,d. ::t?l:otti1;1g;. Vq,lUEtfs at :small.er :incremefrps of 
time. ··~~ ·. interim._ values, shtrW!l.. ·1:n t.he 'f'.igu:rl~- wer.e: ·de:ter:nrl.:p;~·d. by 
i:nterpolation a.nd :at~hieved the de-sired -r~_sult. :of enl-~gi11g; the graph, 
... 
:but they are not q~~:r;-terly values: as the figure iniplies. 
In usi_ng several. PRIIrr. car<;ls• with the intention of havi~g the 
variables occurring in positions 1,2, 3, . • . of each card printe~ 'in 
columns 1,2,3, .• " of ·t·he· tabular output one must insure that four-
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t¢ .. ~n {the number of col11mn$ .of data which can be printed on a page) 
ve.r,i.able,s, ate listed on each card. Otherwise variables on two suc-
c.esJ:;ive· ·PRINT cards may apperu;- on the same line in the tabular output.· 
If .fourteen variables are not specified on eac:h card, an asterisk can 
be used t.o indicate that that rela.ti.ve position ·in the table is to be· 
left blan.k.~ An. alt.ernate way to .specify that va.riables are to appear 
-in· the samer c:oiutnn is to as·s,ign a c·olUIDn num.ber to. the q.e_s.ired group 
.are ·i;;q appear ·in: which. coiunrn o.f th·e: tabular· output. Those ,:occupyin·-g 
·th:e; _f3.~e r.el·atrive, posttj~on on :t·he, ·PRINT · c~rd should be printed directly· 
1r· more- =variables than. 'car1. be identified on ·-one . . . . . -. . . . , . ~ . . . . . . . . . 
. 
·-.. ·- ; •;• .• . . . 
card are desired on, t.n~: same line· :in ·the tabular ·output , the- u:s·e.· of' 
c:ont:inuation c~rds i:s. recommended.· .. ·Thi·s logically makes more· :sen.s.e 
than u5,ing multiple PRI'.NT. ca.r-ds., althoµgh DXNM10 currently -ac.·cept.s. 
b·oth ways. 
Krasnow and Merikallio I2:6I see, the structure o.f a DYNAMO program. 
:as extremely simpl·e·. -Wit·:t;l this the. author would l:>..e inclined to ~gre.e. 
·They caution th~t ·-" .•.. ttie: construction 0£ a model, however, requ±:r~s- a 
clear conc~ption ·on -th·e: pai;t. -of' .the --user concerning the mec·hahism.- .pf· ~ . 
. 
his syste-IIl. In this ~en·se, the' >tip~: ·of· -DYNAMO is not qµj.te as .. s_imple 
as it :migp.t· appear." With these _c:omments the author would also con-
., _, 
.cur. The reader is reminded, however, that the above cautionary 
• • f : • ··t. .132 .. 
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·=message is applicable to the use· of apy language to be used for pur-
poses of simillation modeling. It probably is never quite as simple 
as it might appear on the surface. 
The~ IBM 360 version of DYNAMO II u·s·ed- was. :found to be adequate 
:f'or the purposes of this investigation. :Eiow~Ye.r-~ the tum-around time 
(not execution time): e:xperi·ence4 i_ef't- s:o;zne.thirtg to be desired. For 
this reason t:he: autl:lor f311.gge=-s,t s- obtaining. t·he time-sharing· version <:>f.' 
DYNAMO II w-hi.cl.1. is· :-c~urret1t.-~y alv·a.:[lable_.: In addition to s:igriif'i.c~tly 
... . . increasing the -turn-ar.otiti"d of-· =IP,6.de-J .. ·r11t1s, this versi·on, woµlo. allow 
=the ·user= to st~q.y the ·output .. of the :mode]~ as :it i.~-, bei.n-g· gener.at.:ed.-
could be made i:rmne.diately· at ·the: .con-.sole. :Finally·, tbe. need. :for a, 
-, 
model deck of· :r~ c:a.::rds ·would ·be elimi:r1.at,Era.. 
.• 
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APPENDIX D 
USING DYNAMO AND PRODUCTION FUNCTIONS IN FORECASTING 
Box and Jenkins forecasting functions [6] were determined for the 
output demand and capital investment relating to product line 1, based· 
on an admj ttedly limited number of historical data points. To determine 
accurate Box and Jenkins forecasting modt=l:s at le·ast fifty points are 
recommended. For purposes of illustration,. however, the forecastirig 
functions derive·d will su:(f::i .. c~ ~ They are.:: 
o~tpu:t vt+B ::: vt+o ... 1 + vt+6-3 - vt+6""4 * Att0-3 + 0•3 1\+0.-4 
'd~pf.ta:). Kt+ tJ = 1. 8 Kt+tJ-l ,.,Q. 8 Kt.+tJ· ... 2 
I,~ '" • 
The constants .A ·re·late. to·. -~bh.e· 
--- ·. .. . ' ... ' : . . .• . -- '-.- ... ·.- .. •.. . •. . . ; ... 
·when ·th·eir correspondi-rig output. value. is a .forecaste:d val:ue • 
. f<Jtec:as.tecl value:s as- ·au :e:xt.ens·iqn o..f t}J~ actual. data _y:feld the res.ult.s: 
~ .achi:eve the fo;rec.a;st~a. l.~vels: of'· ,outpµt with. t·h.e :forecaste.d ca.pi:t&l. 
availab·1e ... fo·r inves·tmerrt: is c·a1·cu1~tecl to:r· each ye_ar of the, eight ye:ar 
• 
·, e 
forecaste~ labor values· appe.ar· ·as: :an extens·_:Lon, o.f the.:actual 
- . 
labor dat~·... Tb,e· :Gorr~sponding input :cos.ts a.re. shown in Figure 25. 
The imputed, ,ra.~e :ot r~tu:pn on. c·apit·a.1 investm.e-nt --can also be , . 
.. 
-l.34·. 
., 
• 
... : 
calculated from the production function and cost equation, and incor-
porated into a DYNAMO model. By substituting equation (9) into the 
cost equation (4) for Lt' the input cost is given as a function of 
capital only, • that the output • fixed . That • ass11mJ ng l.S l.S' 
1/0: Pia 
C· xt 
Qt 1 
+ 
Kt 
-
rt - Kt • ·t a+bt µt e 
(.1:0·.)· 
T$.king the partial of this e 4p:ressipn with respect. to ·Kt, setting ·it 
equal to zero .ar.id. ,s.olv:i.ng. ro·r ~t ·yJ.elds. an .e.xp.res:sion with which th·e. 
imput~d rate of return on :capital investment ·c·an oe. determined L·2,7J-; 
:name,1··· 
.... -- .Y, 
r = t • a 
lJsin.g this equation and the lab·or· an·d :c:ap.ital fi,gures already 
:available, the imputed r.13.t·~· o.f return was c·alcul'at:ed fo:r e~c.-h y:ear:., 
. 
. . . 
.cos·t·. 
many possible applicati·ons for a DYNAMO-p·roduction funct'.ion mpdel. .-
The particuia:r JD.;Qdel. whi.ch: provide·d t·he· result·s di't3J?l~yed.: ·in the 
,. 
figures and ta,;ble .. in ·tni·s appendix .:ts· 'c·o;p:ta.tn..~cl i.n Appe:ndiJc :G ··of· 
this report. 
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Table 11. Actual and Forecasted Values for Product Line.I 
Value Added Input Imputed Rate 
Year Output Capital Labor Cost of Return 
1959 58.30 109.70 129. 50 89.67 0.20 
1960 58.80 110.50 136.20 96.06 0.21 
1961 58.40 115.60 136.30 100~78 0.20 1962 73.40 117. o·o 138.80 104.92 0.20 
1963 ·71.90 124.oo 125. 4o 102.17 0.18 
1964 80.70 128.20 130. 00 111.01 0.19 
1965 111.20 140.60 157. 90 135. 39 0.21 1966 124.90 158.20 163, 50 147. 76 0.20 
1967 126.80 183.50 145. 30 148.11 0.16 1968 158.70 213.20 179.90 190.49 0.18 
1969 203.60 218.50 211.00 230.48 0.21 
1970 189 .. 40 215.20 180.90 214.06 0.19 
1971 194 •. 20 223.00 163. 70 ?19. 45 0.18 
**************·*******·***:**.***'**:********·*·***:***************** . . . . . . . . : . . . ' . . . . . . .· ·' . . 
1972 
197.3 
.•· .···.4 197 
1975 
1976 
1977 
1978 
1979 
236.25 
·216.23:. 
219.77 
261 .. 82 
241. 80 
245. 34· 
287 ... 39 
2·67·.'~7 
229. 24 
234.23 
. 238.22 
241.42 
243.97 
246.02 
247.65 
2.48. 96 
itf1·. 74 
15·1.16· 
138·.8'9 
155 .• 79 
127.20 
116.88 
12.8. 57 
. . . 
106.08 
. . . . . 
·245. 05 
209.72 
198.45 
216.14 
188.19: 
178. 38 
190.48 
168.32 
0.20 
0.16 
o· .• 15 
0.1 .. 6 
0 .. 13 
0 .. 12 
(). 13 
Q: .• ll 
Note: All Value Added, c:apit:a.1, apd L~bor f'igures· are given in constant 
dollars. The Input C.ost. and Imputed Rate bf. Return reflect cur-
rerit dollar values (as they should) :for 195,9-1971. Since adjust-
ment factors for labor and capital .. ~e unknown for 1972-1979, the 
figures sho'Wll -for· these quantities during_, ~J~.ese ysars are based 
on 1971 dollar···va.lu.e.s.. . .. ~ 
,-
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